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A collection of 29 clinical streptococcal isolates obtained from the University of
KwaZulu-Natal, Medical School, Durban Metro area (South Africa) were studied to
establish their penicillin G susceptibility patterns often refered to as minimal inhibitory
concentration (MIC) and to determine the genetic diversity among them using two
genotyping methods, randomly amplified polymorphic DNA (RAPD) analysis and
pulsed-field gel electrophoresis (PFGE) analysis. All isolates with MIC less than or equal
to 0.12 ug/ml were considered susceptible, intermediate resistant if MIC was between
0.25 ug/ml and 4 ug/ml and resistant if greater than 4 ug/ml, The percentage of isolates
with resistance was relatively high (75.9%), only 10.3% of isolates showed intermediate
resistance and 13.8% ofthe isolates were completely susceptible to penicillin G. Some of
the resistant isolates were highly resistant reaching penicillin G MIC levels of 5000
ug/ml. They were speculated to contain Path altered penicillin binding proteins and high
level of crosslinking cell wall induced by the gene products of the MurMN operon.
RAPD analysis was performed using three primers, MBPZ-l, MBPZ-2, and MBPZ-3,
respectively. RAPD analysis allowed for the identification of 27 RAPD types with
MBPZ-l and MBPZ-3 and 26 RAPD types with MBPZ-2. Ninety-eight percent of these
isolates were clustered into two groups, group I and group H, with 90% to 100%
dissimilarity among them. Fifty two percent of the isolates of MBPZ-l group I were in
MBPZ-2 group I, 72% isolates ofMBPZ-l group I were in MBPZ-3 group I, and 72% of
the isolates of MBPZ-2 group I were in MBPZ-3 group 1. This shows the discriminatory
ability of the primers used in this study. Despite clustering of isolates, relatively high
diversity was seen. PFGE analysis of macrorestriction fragments obtained after digestion
of chromosomal DNA by restriction enzyme, SmaI showed 24 PFGE patterns. The 24
PFGE patterns were divided into three groups 0, H, and HI) of isolates, with an average
of 85% dissimilarity (15% homology) among them. At 25% homology, four clusters, A
(13 isolates), B (9 isolates), C (4 isolates), and D (4 isolates) were observed. Two pairs of
isolates in group I, cluster A, showed 100% homology. This suggested that each represent
the same strain. Four isolates of group I, cluster B, also exhibited 100% homology. This
study showed that most of streptococcal isolates with the same penicillin G susceptibility
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patterns grouped together in a phylogenetic tree by both RAPD and PFGE analysis. There
was also some similarity between the results obtained by RAPD analysis and PFGE
analysis. Seventeen and nine of the 29 isolates grouped into group I and group II,
respectively, two pairs of isolates were indistinguishable, and two pairs of islates were
closely related by both RAPD (using MBPZ-3) and PFGE analysis. Although, RAPD
analysis is sensitive, specific, faster and cost effective, the ease with which PFGE
analysis can be performed, high discriminatory power, reproducibility of the results, and
the polymorphism seen in the patterns, suggests that PFGE method has the potential to be
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CHAPTER ONE
INTRODUCTION AND LITERATURE REVIEW
1
1.1 INTRODUCTION
Streptococci play a significant role in causing clinically important infections in human
beings. The leading and most problematic pathogen within this genus is Streptococcus
(80) pneumoniae. This pathogen is the most common cause of bacterial meningitis and
pneumonia that is associated with the highest case fatality rate. Several other
streptococcal species play a significant role in human health. For example 80 pyogene is a
leading cause of upper respiratory tract infections,S mutans is a cause of oral infections,
S. agalactiae is a leading cause of sepsis and S. mitis is a cause of abdominal and poly-
microbial sepsis (Casariego et al., 1996; Shinzato and Saito, 1995; and Singh et al.,
1988).
The discovery of antibiotics such as fJ-Iactams, amino glycosides, tetracycline and
macrolides (Anthony et al., 1969) led to predictions that bacterial diseases would soon be
eradicated. However, an outbreak of bacterial isolates with resistance to commonly used
anti-microbial agents requires discovery of new and novel antimicrobial agents that are
safer and more effective. In addition to discovering safe and effective antibacterial
agents, there is a need to determine the most effective molecular typing methods. The aim
ofspecies or strain typing studies is to provide laboratory evidence that epidemiologically
related isolates collected during an outbreak of disease are also genetically related and
thus represent the same strain. This information is helpful for understanding and
controlling the rate of spread of infection in both hospitals and communities (Meitert and
Meitert, 1978).
The first methods used for bacterial typing relied on tests based on the phenotypic
properties of an individual organism. However, phenotypic-based methods have a
number of limitations. For example, tests derived or designed for one group oforganisms
are not always useful for the other groups (Li et al., 2001). Limitations of phenotypic
based methods led to the development of genotypic methods for microbial typing
purposes.
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Many genotypic typing methods have been used for typing of bacterial species. These
genotyping methods provide the information that can assist clinical microbiologists to
determine the source and the rate of spread of infection and to defme mechanisms of
transmission and mechanism of resistance to antibiotics of epidemic strains (Tenover et
al., 1997; and Versalovic et al., 1993). Among available techniques, pulsed-field gel
electrophoresis (PFGE) has gained wide acceptance as an excellent method for typing of
bacteria in terms of discriminatory power and reproducibility. Other genotypic methods
such as randomly amplified polymorphic DNA (RAPD), restriction fragment length
polymorphic (RFLP) and plasmid analysis have also been used (Dunne et al., 2001).
The purpose of this study was to determine the genetic relatedness of streptococcus
isolates obtained from human beings in KwaZulu-Natal Durban Metropolitan area, South
Africa. The isolates were studied by RAPD analysis and PFGE analysis, with the
objectives of this genetic characterization being (i) to establish the penicillin G minimal
inhibitory concentrations (MICs) of the isolates under study (ii) to determine which ofthe
two typing techniques is a sufficiently discriminatory method for typing streptococcus
isolates and (iii) to determine to what degree these methods give concordant results.
This thesis is divided into four chapters. The first chapter is the introduction and literature
review, the second chapter determines and discusses minimal inhibitory concentrations
(MICs) of streptococcus isolates under study against penicillin G, the third chapter
discusses the determination of genetic relatedness among the streptococcus isolates using
RAPD analysis, the fourth chapter determines and discusses the genetic relatedness
among isolates using PFGE analysis. Following chapter four is the discussion and
conclusions ofthe results obtained during this study, and references
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1.2 CONVENTIONAL PHENOTVPIC/ BIOLOGICAL METHODS FOR
MICROBIAL TYPING
The first methods used for classification and identification of microbes relied on tests
based on the phenotypic properties of individual organism. Bacterial strains were
assigned to somewhat intuitive classification groups, on the basis of a small number of
characteristics which could be examined easily, such as staining properties, morphology,
motility, nutritional requirements, acid production, pigmentation and spore formation
(Koneman et al., 1997; Maslow et al., 1993; and Towner and Cockayne, 1993).
Although some methods based on phenotypic properties have stood the test of time, their
limitations have led to re-evaluation of the whole process of microbial identification and
classification. Increasing use of molecular identification and typing methods has led to
revision of some accepted classification schemes and to the recognition of new
relationships among microbes. Whatever methods or criteria are used for taxonomic
groupings, the basic unit for the purposes of microbial identification remains the species
(Koneman et al., 1997).
Identification to the species level is the primary purpose of all microbial classification
schemes, but the separation and accurate recognition of subtypes (strains) within a
species is assuming greater importance in all branches of microbiology, medical
microbiology and particularly in epidemiology (Koneman et al., 1997; and Greenwood et
al., 1995). There is a tendency to assume that organisms that are indistinguishable by a
chosen typing technique are identical and have a common source (Greenwood et al.,
1995). It should always be remembered, however, that such organisms may be
indistinguishable only when viewed through the typing window generated by a particular
typing scheme, and may be totally different when typed by an alternative method
(Towner and Cockayne, 1993).
Control of communicable diseases would not be possible without the use of typing
methods to help define the source of infection, mechanism oftransmission, mechanism of
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resistance to antibiotics, and the rate of spread of infection in both hospitals and
communities. Chapter one concerns primarily modem molecular methods for microbial
typing and identification, but these methods should be considered in the comparison to
older, established methods, which may eventually be superseded.
Conventional biological typing methods for microorganisms were developed originally in
response to a growing awareness of different factors that influence the spread of human
pathogens in various environments. As stated by Tenover et al. (1997) and Maslow et a!'
(1993), an ideal typing system should: (a) be able to type the vast majority of strains
being studied, (b) have a good discriminatory power, with the ability to produce a clearly
interpretable result for most bacterial isolates of interest, (c) show good reproducibility
over a long period of time and in different centres, (d) be readily applicable to natural
isolates, as opposed to laboratory collections of strains, and (e) should not be too
complicated or expensive.
The main biochemical or biological typing techniques include biotyping, phage typing,
serotyping and bacteriocin typing. Initially, differentiation within a newly delineated
species was achieved by examining the culture and biochemical characteristics of a large
collection of individual strains belonging to the species (Konman et a!. , 1997). Such
characteristics included colonial morphology, growth requirements, fermentation ability,
carbon source utilization and antibiotic resistance or susceptibility (Table 1.1).
Advantages, disadvantages and applications of these techniques are described in Table
1.1. From Table 1.1 it is clear that a single conventional biochemical typing method
cannot give an optimal procedure for microbial species fmgerprinting. One method may
work for one microbial species but fail to work for other species, whereas a combination
of biochemical typing methods can give the best results to many species. A combination
of methods takes a longer time to perform. The limitations and disadvantages of these
methods have led to establishment of molecular methods that have the ability to
distinguish or study diversity in any microbial species (Mhand et al., 1999; and Chetoui
et al., 1995).
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(Smyth et al., 1997;
and Kiihn et al,
1991)
Phage Typing






(Smyth et al.., 1997;
Quentin et al., 1995;
Schoenmaker et al.,
1992; and Kiihn et
al, 1991)
Bacteriocin Typing
(Smyth et al., 1997;
and Munoz et al.,
1993)
Basic Principles of the Technique
Biotyping methods reflects genotype .
This technique works on the basis of
agglutination tests to distinguish serotype
Phage typing is a bacterial strain
identification method based upon
sensitivity to a defined collection of
bacteriophages, which have been
selected to provide maximum sensitivity
for differentiat ing strains within a
particular species. Typing may be direct,
based upon direct sensit ivity to either
unadapted or adapted phages, or indirect,
based on detection or identification of
phages present as prophages in bacteria.
Typing is based on reactions with
specific antisera, raised according to the
antigeneric structure ofmicrobes in each
group. Serotyping can be applied to
many different genera , although, in many
cases, given set of reagents can be
applied to a single species.
Bacteriocin typing is performed either by
testing, ifthe unknown strain is sensitive
to the bacteriocin produced by the
standard (or known) strains, or by testing
ifthe unknown strain produces











Differences in colonial morphology
are often extremely subtle and
therefure can be rather subjective.
Biochemical reactions are more
dependable and may be difficult to
interpret. The relative small number
of features with the potential to give
differences discrimination is poor.
Technically complex method in
which many variables must be
controlled. Some species may contain
very few phage types, while others
may contain too many within one
strain. Phage types may be modified
by genetic mechanisms like
Iysogenoic convers ion, loss of phages
and acquisition or loss ofR plasrnids.
This technique cannot be applied
readily to a new organism or in
response to sudden emerging
problem; for furthermore, for some
genera, no phages have yet been
isolated.
Like phage typing, serotyping
requires some time to develop a
serotyping scheme for a new
application, since the development of
such schemes is quite a complex
process, with the requirement for
immunizat ion of animals with
uncreative strains, and cross-
absorption experimentation.
Serotyping seems to be associated
with problems in antisera production
and standardization ofmethodology.
Serotyping schemes for certain
genera may normally be available
only in reference laboratories .
Although production ofbacteriocins
or sensitivity to them is relatively
stable, it is known that these
properties may be encoded by
transmiss ible R plasmid . The second
limitation with this method is that it
requires more labour, espec ially when
using cross-streaking techniques.
1.2.1 Multilocus Enzyme Electrophoresis
Multilocus enzyme electrophoresis (MLEE) detects differences in the electrophoretic
mobilities of individual soluble metabolic enzymes. If the appropriate enzymes are
selected, MLEE analysis can discriminate among the gene products of different alleles
for a number of loci (Barrs et al., 2000; and Schable et al., 1991). Thus, the method can
assess eodominant markers in diploids for each locus, a requirement for an evolutionary
biologist that is not achieved by a few of the popular DNA fingerprinting methods (BaITS
et al., 2000).
The MLEE method is straightforward. Cell extracts, cellular proteins of the
microorganisms, are separated by starch gel electrophoresis and the individual enzymes
are visualized in the gels by specific substrates (Whittam et al., 1983). Variations in
electrophoretic mobility typically reflect amino acid substitutions that alter the charge of
the protein and thereby identify variations in the chromosomal gene encoding the
enzyme. Although certain enzymes may be absent from particular isolates, the evaluation
of multiple metabolic enzymes ensures that all isolates are typeable (Maslow et al.,
1993).
MLEE is technically demanding and, in general, only 'moderately discriminatory for
clinical isolates (Quentin et al., 1995). For example, use of MLEE to analyze or detect
the genetic structure of Staphylococcus intermedius cultured from normal skin of dogs
and those isolates from a variety of diseased conditions has shown that virulent, invasive
strains are represented by a limited number of closely related genetic lineages (BaITS et
al., 2000; and Harvey et al., 1994). Consequently, this method has had relatively limited
application to epidemiological studies; but it has proved to be uniquely useful in
providing qualitative data regarding the population genetics ofpathogenic isolates.
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1.3 GENOTYPING METHODS FOR MICROBIAL SPECIES TYPING
The problems of typeability, reproducibility, or discriminatory power associated with
many phenotypic techniques have led to the development of numerous systems with the
use of DNA-based (genotyping) methods. Initially, DNA-based techniques were used
only in a few research laboratories, but they are widely available for use in clinical
practice. In addition to the technical intricacies of these methods, there is an increasing
challenge in interpreting the results obtained with these methods (Barret et al., 1995).
1.3.1 Analysis of Plasmid DNA
Plasmid DNA analysis was the fIrst molecular method to be used as a DNA based
bacterial typing tool. This gives indications about the number and sizes of any plasmid
present. Plasmid DNA analysis requires plasmids to be isolated and separated
electrophoretically on an agarose gel. Once electrophoresis is complete, the various
plasmids present can be visualized by staining with ethidium bromide (EtBr) and viewed
under ultraviolet (UV) transilluminator.
Figure 1.1. Plasmid profiles obtained by agarose gel electrophoresis. Each lane ofa 0.8%
gel was loaded with plasmid DNA isolated from a different strain of a bacterium.The
fluorescent ruler down the left side of the image allows to the researcher measure the
distance each plasmid has migrated.
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A single plasmid generates at least three different bands, corresponding to the three
different molecular forms ofa plasmid, circular, coiled and supercoiled (Fig. 1.1) which
render interpretation difficult. Therefore analysis of plasmid DNA for typing purposes
requires plasmid DNA to be digested with a restriction endonuclese (section 1.3.2) to
produce a number of restriction fragments with different sizes (RFLP) (Fig. 1.2).
Plasmids differ considerably in the number of restriction sites that they possess for a
given restriction enzyme, and a large number of restriction enzymes have been used to
generate fingerprints. The generation of plasmid fingerprints is more of value for
epidemiological purposes when only apparently similar plasmids of relative large size
can be identified, or when similar plasmid profiles occur in strains that cannot be
differentiated by other methods.
-----
. ~ - - - ....-.---- -
Figure 1.2. Plasmid DNA restriction fragments produced by frequent restriction
enzymes. The first and the last lane containing molecular weight markers and the rest of
lanes contain plasmid restriction fragments from different bacteria.
Organisms that generate totally different plasmid fmgerprints certainly have totally
different plasmid complements, and are epidemiologically distinct. Isolates that generate
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fmgerprints which differ by one or two DNA fragments, should be considered as having a
possible close relationship, unless supplementary data obtained by other methods is
available.
In some instances, plasmid fingerprinting may only complement other techniques, such
as pulsed field gel electrophoresis analysis (section 1.4), by providing a basis for
differentiating isolates that are related genotypically but are separated epidemiologically
by moderate time periods, such as several months (Chatellier et al., 1999; Towner and
Cockyne 1993; and Tenover, 1985). A drawback ofplasmid analysis technique is the lack
of long-term stability in som strains. Of course, this analysis is restricted to plasmid-
containing strains or species. Furthermore, plasmids may be acquired or lost in a
particular environment (Maslow, 1993). Overall, plasmid analysis for typing and/or
epidemiological purposes is most effective in studies that are limited both temporally and
geographically (Tenover et aI., 1997)
1.3.2 Restriction Endonuclease Analysis (REA) of Chromosomal DNA
Each restriction endonuclease enzymatically digests DNA at a particular nucleotide
recognition sequence, called restriction site. The number and size ofrestriction fragments
generated by restriction endonuclease digestion of DNA indicates the frequency and the
distribution of such restriction site for the enzyme used. In restriction enzyme analysis
(REA), endonuclease with relatively frequent restriction sites are used to digest bacterial
DNA, thereby generating hundreds of fragments, ranging from 5 kb to 50 kb in length
(Clobots et al., 1992). Such fragments can be separated by size with constant-field gel
electrophoresis and the patterns detected by staining the gel with ethidium bromide and
taking a photograph under ultra-violet light. Different strains of the same bacterial
species have different REA because of the minute variations in their DNA sequence that
alter the distribution of restriction sites. All bacterial isolates are typeable by REA, and
the approach has been applied successfully to many species including streptococci (Hall,
1998).
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The major limitation of this method ofbacterial typing is the difficulty in interpreting the
complex profile consisting of hundreds of bands that may be unresolved and overlapping
(Maslow, 1993). Furthermore, REA may be compounded by the presence of plasmids,
whose DNA readily contaminates genomic DNA preparation. The restriction fragments
derived from the plasmids can detectably alter the REA profile and cause isolates that
differ only in their plasmid content to be designated as different strains (Tenover et al.,
1997).
1.3.3 Southern Blot Analysis of Chromosomal DNA
The difficulty in interpreting hundreds of restriction fragments produced by REA can be
solved by Southern blot analysis following agarose gel electrophoresis. Southern blot
analysis was named after the investigator who described it (Southern, 1975). The
separated restriction fragments can be transferred onto a nitrocellulose or nylon
membrane, probed using labelled short oligonucleotide as a probe to detect restriction
fragment(s) that contains sequences homologous to the probe. The variations in the
number and size of these fragments are referred to as restriction fragment length
polymorphism (RFLPs) and reflect variations in both the number of loci that are
homologous to the probe and the location of the restriction site within or flanking those
loci. All strains carrying loci homologous to the probe are typeable and the results are
highly reproducible (Maslow, 1993).
The procedure requires some technical expertise and has classically used radioisotopes to
label the probe. However, reliable nonradioactive systems have been developed, making
Southern blot analysis more widely available. The discriminatory power of Southern blot
analysis is directly related to the number and variability of the fragments detected; the
most effective probes are those that detect multiple bands simultaneously. For example,
an outbreak-associated strain of multidrug-resistant Mycobacterium tuberculosis was
readily differentiated from other, sporadic multidrug-resistant strains of species by means
of Southern blot analysis (Edlin et al., 1992).
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1.4 PULSED-FIELD GEL ELECTROPHORESIS
Conventional electrophoresis has been ineffective in influencing the size-dependent
migration of large DNA. The cause of this size-independent migration of DNA is most
likely related to the rod-like shape of the DNA molecules (Koneman et al., 1997).
Different sizes of DNA fragments differ in the lengths of their long axes, but not in the
diameter of their short axes. In an electrical field, the large DNA molecules orientate
themselves along their long axes as they enter a gel matrix. Since all large molecules
have the same charge-to-mass ratio, and they all travel along their long axes and have
identical short axes, they therefore move at the same speed in a gel.
In 1984, Schwartz and Cantour described pulsed field gel electrophoresis (PFGE),
introducing a new way to separate chromosomal fragments produced by enzymatic
digestion of intact bacterial genomic DNA. In contrast to conventional gel
electrophoresis, PFGE is multidirectional, continually changing the location of the
positive charge (Georing, 1993). The DNA molecules respond by continually reorienting
their direction of migration through the agarose gel. In addition, an electric pulse of
different duration favours the separation of different sizes of DNA fragments (Elliott et
al., 1993). With each reorientation of the electric field relative to the gel, smaller sized
DNA will begin moving in the new direction more quickly than the larger DNA. Thus,
large DNA lags behind, providing a separation from the smaller DNA molecules.
The size ofthe molecule that will separate from the others depends strongly on the length
ofthe pulse in each direction. A fast pulse rate-short pulse time, causes smaller molecules
to separate, whereas a slow pulse rate-long pulse time, causes even larger molecules to
separate (Chu, 1991). If the pulse rate is increased, what is termed ramping, during the
course ofa run, a broader size range ofmolecules will separate out very distinctly (Sahm,
1996). By varying both the direction and the duration of the electric field, PFGE allows
the separation or resolution of DNA molecules well over 1 000 kb in length, often
referred to as mega-base sized DNA.
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Other physical factors have also shown to be very important. It is known that changes in
parameters such as temperature, voltage, agarose concentration and ionic strength will act
inter-dependently, but non-uniformly, on the mobility of different sizes of DNA. Thus
changes in one parameter might affect resolution adversely, but resolution can be restored
by making an adjustment in another parameter. The agarose concentration used most
widely is 1% (w/v), with the size and the shape of a gel being determined by the precise
method and design of the apparatus used, but most pulsed field methods use horizontal
agarose gels in a submerged mode (Towner and Kockyane, 1993). Buffers are circulated
continuously and cooled, normally to a constant temperature between 10° and 15° (Chu,
1991). Electrical conditions and separation times depend on the precise method being
used and the size range of the DNA molecules being separated (Chu, 1991).
After completion of the electrophoresis, gels are stained with ethidium bromide (0.5
ug/ml) for an hour, destained with distilled water as necessary, and the DNA visualized
in the same manner as for conventional agarose gel electrophoresis. The effective use of
PFGE requires accurate and reliable size standards for estimating the sizes of the DNA
fragments being studied.
1.4.1 Types of PFGE Methods
There are different types of PFGE methods, differing only in the way the pulsed
electrophoresis field is delivered to the agarose gel. Two of the most commonly cited
methods are contour clamped homogeneous electric field (CHEF) (Chu et a!., 1986) and
field inversion gel electrophoresis (FIGE) (Carle et al., 1986). These two methods
represent different, but complementary, ends ofthe PFGE spectrum.
1.4.1.1 Field Inversion Gel Electrophoresis
FIGE utilizes any conventional electrophoresis chamber box that has temperature control
and periodically inverts the positive charge by 180°, hence the term field inversion.
During electrophoresis FIGE subjects DNA molecules to an 180° re-orientation. As a
result, DNA molecules spend a certain amount oftime moving backward but with the net
movement being forward (Fig. 1.3).
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Figure 1.3. Electrode configuration of FIGE. The orientation of positive charge IS
indicated by the arrow in the middle ofthe diagram (Carle et al., 1993}.
FIGE has the potential for rapid electrophoretic separation, in the range of a few hours,
which is somewhat preparative in nature because DNA fragments more than 300 to 400
kb tend to have a thicker, more diffuse, appearance (Carle et al., 1993).
1.4.1.2 Cantour Clamped Homogeneous Gel Electrophoresis
CHEF uses a more complex electrophoresis chamber, with multiple electrodes arranged
in a polygonal cantour and clamped to predetermined electric potentials to achieve a
highly uniform electrophoretic field , usually reorientating the DNA molecules over 96° to
120° angle (fig. 1.4). The method applies the principles of electrostatics to gel
electrophoresis (Chu et al., 1986).
In particular, the electric field vector is confined to two dimensions and has two
components, Ex(x, y) and Ey(x, y). To simplify the problem, the electric field may be
expressed as the negative gradient of a single function, the scalar potential field ~(x, y)
(Chu et al., 1986).
Ex(x, y) = -a~(x, y)/ax




A homogeneous electric field is generated by two parallel, infmitely long electrodes in
such a way that if one electrode is located along the x axis (y = 0) and the other is
separated by a fixed distance (y = a), the potential field between the electrodes is,
~(x, y) = ~Oy/a (2)
where ~o is the voltage applied across the electrodes (Chu et a!', 1986). Substitution of
equation 2 into equation 1 shows that the corresponding electric field is homogeneous
and oriented perpendicular to the electrode,
Ex(x, y) = 0
Ey(x, y) = ~9
(3)
(3b).
It is impractical to use infmitely long electrodes, but it is possible to produce a
homogeneous electric field with a fmite system. A solution is to use multiple electrodes
arranged along a polygonal contour, in which two faces of the polygon coincide with the
positions of the infinite electrodes (Chu et al., 1991 and 1986). The electrodes along y =
oand x = a are clamped to the potentials 0 and ~9, respectively, whereas the remaining
electrodes located at intermediate positions are clamped to intermediate potentials, as
determined by equation two (Chu et al., 1986).
Thus positions along the cantour are clamped to potent ials equal to those generated by
two infinite electrodes. It follows that everywhere inside the contour the potential field
will be equal to that generated by two infmite electrodes.
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Figure 1.4. Electrode configuration of CHEF. The orientation of positive charge IS
indicated by the arrows in the middle of the diagram.
In a hexagonal contour, the two opposing sides of the polygon are used to defme the
electric field orientation. Alternation in the orientation is achieved by electronic
switching. The re-orientation of DNA molecules at smaller oblique angles, generally
between 96° and 120°, causes DNA molecules to always move forward in a zigzag
pattern down the gel (Clark et al., 1990). CHEF separations are slower, in the range of20
to 26 hours, but appears more analytical, as the practical upper limit of DNA fragment
resolution is greater for CHEF than FIGE, 10 mb versus 700 to 800kb, respectively, and
larger DNA fragments retain a more compact appearance.
Other methods of PFGE analysis include zero integrated field electrophoresis (ZIFE)
(Turrnel et al., 1990), transverse alternating field electrophoresis (Gardine et al., 1986)
and programmable autonomously controlled electrophoresis (PACE). For more detailed









1.5 DNA PREPARATION AND DIGESTION USING RESTRICTION ENZYME
FOR PFGE ANALYSIS
Isolation of intact chromosomal DNA is a prerequisite for the reproducible generation of
restriction fragments by rare-cutting enzymes. Chromosome-size DNA is easily sheared
during the normal DNA preparation processes (Towner and Cockayne, 1993). Thus, for
DNA analysis by PFGE, chromosomal DNA is commonly prepared by in situ lysis of
cells embedded in agarose (Schwartz and Cantor, 1984). This provides an environment
protected from molecular shearing forces that allow the reproducible generation of mega-
base sized restriction fragments.
Bacterial culture is grown to an OD6oo of 0.8 to 1.0 at the appropriate temperature . It is
then treated with chloramphenicol that synchronizes ongoing rounds of chromosomal
replication while inhibiting further rounds ofreplication. Agarose plugs are then prepared
by mixing the cell suspension with the low melting agarose (held briefly at 50°C) and the
mixture transferred into plug molds (Mastushek et al., 1996; Tenover et al., 1995; and
Hermans et al., 1995). When set, the plugs containing intact cells are treated with
different enzymes: lysozyme; proteinase K, and RNase, and detergents, N-lauroyl
sarcosine or Brij, in order to lyse the cells in situ and degrade the cell wall, RNA and
proteins.
Table1.2 Restriction endonucleases suitable for use in conjunction with pulsed-field gel
electrophoresis









Portions of DNA-containing agarose plugs can be loaded directly into wells of 1%
agarose gel, where they are sealed in place with 1% agarose gel before PFGE. Smith et
aI., 1988 gives a detailed review of protocols for the preparation of chromosome-sized
DNA from different sources.
The choice of an appropriate enzyme (Table 1.2) for typing purposes depends on the
frequency of the enzyme's restriction sites in the DNA molecule to be digested. For
example, SmaI will be rare cuting in an AT-rich organism but a frequent cutter in GC-
rich (mycoplasms). Agarose plugs containing free DNA must first be treated with
phenylmethylsulphonyl fluoride (PMSF) in order to inhibit any remaining serine
proteases (proteinase K) that could degrade the restriction endonuclease (Smith et al.,
1998). In turn, the PMSF must be removed by successive washing with detergents and
EDTA. Small pieces of agarose plug can then be incubated overnight in microfuge tubes
containing digestion buffer and an appropriate restriction endonuclease. The
endonuclease diffuses into the agarose and digestion occurs in situ.
1.6 APPLICATIONS OF PFGE ANALYSIS FOR TYPING PURPOSES
The epidemiological analysis of nosocomial isolates is most commonly associated with
multiple isolations of a given organism, either from the same patient (a question of
therapeutic efficacy) or a series of different patients (a question of infection control)
(Maslow, 1993). In either case, chromosomal analysis by PFGE provides a fundamental
comparison of the organisms in question, thus allowing an assessment of whether a
therapeutic or infection control problem exists.
PFGE analysis has been applied to the genetic and/or epidemiological analysis of
pathogens or pathogen groups including Acinetobacter baumanni (Gouby et al., 1992);
Acinetobacter calcoaceticus (Allardet-Servent et al., 1989); Enterobacter cloaca (Haertl
et al., 1993); Enterococcus faecalis and Enterococcus faecium (Murray et al., 1990; and
Georing et al., 1990); Escherichia coli (Arbeit et al., 1990); mycobacteria including
Mycobacterium avium; Mycobacterium intracellulae and Mycobacterium tuberculosis
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(Arbeit et al., 1993; Coffin et al., 1992; Varnerot et al., 1992; and Levy-Frebault et al.,
1989); Staphylococcus aureus and a variety of coagulase-negative staphylococci (Inglis
et al., 1993; Ichiyama et al., 1991; and Georing et al., 1990); group A streptococci, group
B streptococci, group C streptococci and group D streptococci (Benson et al., 2002;
Benson et aI., 2001; Bartie et aI., 2000; Davis et al., 1999; Chatellier et al., 1996; Coffey
et al., 1995 and Elliot et al., 1993).
Although PFGE is one of the most reproducible and highly discriminatory typing
techniques available and currently the typing method of choice for many species, a few
caveats are, however, necessary. Firstly, major difficulties associated with PFGE relate to
the technical demands of the procedure and the initial cost of the equipment. Secondly,
initial extraction of high molecular weight chromosomal DNA requires two to four days,
depending on the organism tested . Thirdly, PFGE is relatively less sensitive than PCR-
based typing for detecting small differences between strains (Tenover et al., 1997). Thus
identical PFGE patterns obtained with a particular enzyme do not necessarily mean that
two strains are identical. Differences are conclusive, but similarities are not.
Finally, it is important to note that PFGE tends to reflect the gross clonal structure of a
collection of strains, rather than the fine architecture that may be of more interest to the
epidemiologist. Despite the caveats, PFGE is one of the most reproducible techniques.
1.7 TYPING METHODS USING POLYMERASE CHAIN REACTION (PCR)
Polymerase chain reaction (peR) is a technique that has been used for a number of years
for direct detection of many types of infectious agents in clinical samples (Persing, 1993).
It was further adapted as a typing tool (van Belkum, 1994; Welsh and McClelland, 1990;
and Williams et al., 1990). PCR has the ability to produce literally millions ofcopies ofa
particular DNA sequence within three to four hours. PCR procedure requires template
DNA, or RNA if a reverse transcriptase step is used initially, which may be present in
minute quantities; two oligonucleotide primers, single-stranded DNA molecules, which
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flank a specific sequence on the template DNA, to be amplified (thus defining the starting
point for DNA polymerase activity); deoxynucleotide triphosphates (dNTPs); and a heat-
stable DNA polymerase (Mullis, 1985).
Efficient amplification is accomplished readily for templates with less than 2 000 base
pairs, although templates as large as 35 kb have been amplified (Tenover et al., 1997). A
typical PCR assay requires approximately three hours to complete 30 cycles, where each
cycle consists of a heat denaturation step, in which double-stranded DNA molecules are
separated into single strands; an annealing step, in which primers bind to the target DNA
sequences on the single strand; and an extension step, in which DNA synthesis proceed
from the primers along each strand of the template DNA, thereby generating two new
double-stranded copies of the original template (Fig. 1.5). After 30 cycles, a single initial
copy of template DNA theoretically can be amplified to millions of copies (Black, 1993;
and Mullis, 1985). These strands exist at this stage as double-stranded DNA molecules
(fig. 1.6).
30cycles of 3 steps
STEP1: Denaturation
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Figure 1.5. Schematic diagram of polymerase chain reaction showing the three major
steps involved in PCR.
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Figure 1.6. Shows the schematic diagram of repeated cycles for strand synthesis by PCR.
The bases complementary to the template are coupled to the primer on the 3' end, the
polymerase adds dNTPs from 5' to 3', reading the template from 3' to 5' side. Bases are
added that are complementary to the template (fig 1.5).
Strand synthesis can be repeated by heat denaturation ofdouble stranded-DNA, annealing
of primers by cooling the mixture and primer extension by DNA polymerase at a
temperature suitable for the enzyme reaction. Each repetition of strand synthesis
comprises a cycle of amplification. Each new DNA strand synthesized becomes a
template for any further cycle of amplification and so the amplified target DNA sequence
is selectively amplified, cycle after cycle (fig 1.6).
1.8 RANDOMLY AMPLIFIED DNA POLYMORPHISM (RAPD) ANALYSIS
Randomly amplified DNA polymorphism (RAPD) analysis is a variation of the PCR
technique, employing a single short, 10 bases pairs long, primer that is not targeted to
amplify any specific DNA sequence (Williams et al., 1991; and Welsh and Maclelland,
1990). Rather, at low annealing temperatures, the primer will hybridize at multiple
random chromosomal locations and initiate DNA synthesis. Low melting temperatures
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allow the primer to anneal to random regions of the genome, which may be fully
complementary to the primer (Black, 1993). In order for amplification to occur, the
primer must anneal on complementary strands of the template DNA and the 3' ends of
the annealed primers must face each other. Furthermore, the annealing sites must be
separated at a distance of no longer than 300 bp, as this is the maximum size that can be
amplified with routine PCR (Black, 1993). The requirement that the 3' ends of the
annealed primers face each other suggests that annealing sites are exact or similar
inverted repeats. The observation that single substitutions, especially in the 3' end of the
primer, can change amplified banding patterns (Williams et al., 1991) implies that
annealing in RAPD-PCR must be precise.
The products of RAPD-PCR reaction from a species genome are typically a series of
fragments that vary in intensity and in size, from 200 to 2000 bp (Black, 1993).
Differences in size (polymorphism) occur as the presence or absence of a specific
fragment among species. Absence of a fragment presumably occurs because
amplification cannot proceed on DNA strands from either of the homologous
chromosomes in a species. This can occur through point mutations at one or both primer
annealing sites on a DNA strand, inversions surrounding a site or insertions that separate
the annealing sites at a greater distance than can be amplified. Polymorphism among
species can be analyzed by gel electrophoresis and visualized by staining with ethidium
bromide.
The advantages of RAPD-PCR is that it does not require cloning or DNA sequence
information for primer design, it does not use radioactive markers, and genetic
polymorphisms can be visualized within 24 h from extraction of genomic DNA (van
Belkum, 1994). RAPD-PCR is appreciably faster than other typing systems, such as
PFGE and RFLP. Often 20 to 30 organisms can be completed in a single day.
RAPD-PCR is, however, not without drawbacks. The number, sizes and intensities of
amplified fragments are extremely sensitive to small changes in PCR buffers, the
condition and concentration of template DNA and amplification parameters (Martinez et
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al., 2000; Mahenthiralingam et al., 1996; Render et a!. , 1996; and van Belkum, 1994).
All studies to date have noted that the primer, dNTP and magnesium concentrations
affect the numbers and the intensities of bands. In addition, the amount of template DNA
and the manner in which it was extracted also affects banding patterns (Black et al.,
1992).
While one laboratory can standardize reagent concentrations and settle on optimal
template isolation procedures, two laboratories, especially those employing different
thermal cyclers, may not be able to obtain similar patterns. This implies that great care
should be taken in optimising RAPD-PCR parameters within and among laboratories if
they are to share and compare results.
There are a wide variety of other potential problems to consider. Extraction of
chromosomal DNA from other organisms (e.g. bacteria) with DNA of the target taxon is
inevitable and it is likely that some amplified bands will arise from the contaminating
template. If contaminating species occur sporadically throughout the taxon, or if the
contaminants are themselves polymorphic, then amplified bands can be mistaken for
polymorphisms in the genome ofthe target taxon (Black, 1993).
Finally, it should be emphasized that, as with all PCR, it is extremely important to
process a negative control as a test for contamination. This should be a tube containing all
of the components of the reaction except template DNA and handled at the same time and
in an identical manner to tubes containing the template (Williams et al., 1991).
1.9 THE INTERPRETIVE CRITERIA
To interpret the DNA fragment/band patterns generated by PFGE or RAPD analysis and
translate them into useful epidemiological information, the microbiologist must learn
how to compare PFGE patterns or RAPD patterns and how random genetic events can
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alter the patterns. Ideally, Both PFGE and RAPD patterns of isolates representing the
outbreak strain would be indistinguishable from each other and distinctly different from
those of epidemiologically unrelated strains (Tenover et al., 1997).
The results obtained by either PFGE or RAPD analysis are interpretated and translated
the same. For the purposes of this study PFGE analysis will be used to discuss the
interpretation and translation ofRAPD and PFGE analysis.
Table 1.3 Microbiological interpretation ofDNA profiles from PFGE analysis
Microbiological No. of genetic Typical no. of
Interpretation based differences fragment differences















Isolate probably is part of
the outbreak
Isolate possibly IS part of
the outbreak
Isolate is not part of the
outbreak
More commonly, random genetic events, including point mutations and insertions and
deletions of DNA, alter PFGE patterns during the course of an outbreak. While this
makes, interpretation of the patterns a little more challenging. Knowledge of how such
genetic events affects the PFGE patterns enables the microbiologist to correctly assign
the patterns to each isolate to one of four categories (Tenover et al., 1997):
indistinguishable from the outbreak pattern, closely related to the outbreak pattern,
possibly related to the outbreak pattern, or unrelated to the outbreak pattern (Table 1.3
and Fig. 1.7).
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Figure 1.7. Schematic diagram showing the changes in the PFGE patterns ofan isolate as
a result of various genetic events. Lane A, outbreak: pattern; lane B, gain of restriction
site; lane C, loss ofrestriction site; lane D, insertion ofDNA in an existing fragment; lane
E, deletion of DNA from an existing fragment. The open circles (0 ) indicate fragments
present in the outbreak: pattern and missing from the test isolate after a genetic event ;
asterisks (9) indicate fragments present after genetic event but absent from the outbreak:
pattern (Tenover et aI., 1997).
The criteria proposed herein are reliable if PFGE resolves at least 10 distinct fragments.
When fewer bands are detected, the robustness and discriminatory ability of the criteria
are unknown. It is believed that the comparison of restriction patterns remains, in part, a
subject process, that cannot totally be reduced to rigid algorithm. However, the process
becomes easier and more consistent with experience (Tenover et al., 1997).
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CHAPTER TWO




A collection of 29 clinical streptococcal isolates obtained from the University of
KwaZulu-Natal, Medical School, Durban, and Escherichia coli were tested for
susceptibility to penicillin G. All isolates with penicillin minimal inhibitory concentration
(MIC) less than or equal to 0.12 ug/ml were considered susceptible, intermediate resistant
if penicillin G MIC was between 0.25 ug/ml and 4 ug/ml and resistant if greater than 4
ug/ml, The percentage of isolates with resistance was relatively high (73%), only 10% of
isolates with intermediate resistance and 16.7% of the isolates were completely
susceptible to penicillin G. Some of the resistant isolates were highly resistant, reaching
penicillin G MIC levels of 5000 ug/ml and are speculated to contain both altered
penicillin binding proteins and a high level of crosslinking cell wall induced by the gene
products ofthe MurMN operon.
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2.1 INTRODUCTION
During the three decades since their first detection in clinical specimens in the late 1960s,
penicillin-resistant and multi-drug-resistant species or strains of streptococci have
achieved a global spread and have become a major public health concern (Filepe and
Tomasz, 2002). The molecular mechanism ofpenicillin resistance in these pathogens was
shown to involve remodelling of ,B-lactam target enzyme: penicillin-binding proteins
(PBPs), in such a way that their affinity is greatly reduced towards the antibiotic
molecule (Zighelboim and Tomasz, 1980; and Paredes et al., 1979).
The physiological function of PBPs is in the terminal stages of bacterial cell wall
peptidoglycan assembly. It was suggested that the reduced affmity of PBPs may affect
their catalytic performance (Garcias-Bustos and Tomasz, 1988) with their natural
substrates, precursor muropeptides, the D-alanyl-alanine carboxyl terminal, which has
close structural analogy to the ,B-lactam ring (Filipe and Tomasz, 2000 and Fontana et al.,
1992). This proposal was based on the intriguing observation that penicillin-resistant
clones of streptococci were often found to produce cell wall peptidoglycans of grossly
abnormal muropeptide composition (Garcia-Bustos and Tomasz, 1988; and Garcia-
Bustos et aI., 1988).
A common feature of this structural abnormality is the replacement of linear structural
muropeptides, typical of the peptidoglycan of penicillin-susceptible strains, with
branched structured muropeptides carrying short alanyl-alanine or seryl-alanine
substituents on the epsilon amino group of the lysine residues. Such branched
components are rare in the cell wall of penicillin-susceptible strains (Strunden et al.,
1997; and Severin et al., 1996). The frequent occurrence of such a distorted cell wall
composition among penicillin-resistant strains suggested some association between the
mechanism ofpenicillin-resistance and the chemical abnormality ofcell walls.
In 2000, Filipe and Tomasz identified the genetic determinants for MurM and MurN
proteins, which are involved with the biosynthesis of branched cell wall peptides. They
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reported that the inactivation of murMN operon in penicillin-resistant strains resulted in
the correction of cell wall abnormalities and virtually a complete loss of penicillin
resistance, indicating that the functioning of these two non-PBP genes is an integral
component of the penicillin-resistance mechanism in streptococci.
When characterizing streptococcal infections, it is therefore crucial to determine the
antibiotic susceptibilities of the isolates under investigation (Smith et aI. , 1993).
Streptococcal strains are categorized into susceptible, if their minimal inhibitory
concentration, MIC, is less than 0.12 ug/ml, intermediate if their MIC is between 0.25
and 2.0 ug/ml and resistant if they have an MIC greater than 4.0 ug/ml (Tracy et al.,
2001).
2.2 MATERIALS AND METHODS
2.2.1 Bacterial Species and Media
Streptococcal isolates (Table 2.1) used in this study were obtained from the University of
KwaZulu-Natal, Medical School, Durban. The streptococcal isolates were first streaked
onto Tryptone Soya Agar (TSA) (Merck) containing 5% sheep blood. Colonies
qualifying phenotypically as streptococci were isolated and gram stained, with
Escherichia coli (XL I-Blue) used as a negative control. The cultures were incubated at
37°C in 5% CO2 atmosphere. Working stocks were maintained on TSA plates,
subcultured every four weeks and stored at 4°C. Stock cultures were stored at -70°C in
Tryptone Soya Broth (TSB) (Merck) containing 30% glycerol.
The organisms tested were originally isolated from clinical specimens. A total of 29
isolates (Table 2.1) and one control were processed. These were identified by routine
microbiological methods and their identies were confirmed by the Medical Microbiology
Laboratory ofthe Medical school, Univerity ofKwaZulu-Natal.
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2.2.2 Penicillin Susceptibility Testing
Micro-titre plate dilution assay. Bacterial cultures were grown at 37°C in 5% C02
atmosphere to the exponential phase, optical density of 0.6 at 600nm (OD600 of 0.6) in a
final volume of 5 ml TSB. Antibiotic susceptibility test was carried out by the micro-
broth dilution method (NCCLS, 2001), using cation-adjusted Mueller-Hinton broth
containing different concentrations ofthe antibiotic. The concentration range ofpenicillin
G, obtained by serial dilution, was from 0 ug/ml to 5000 ug/ml. Each micro-titre plate
containing varied levels ofpenicillin was inoculated with 1% culture in a fmal volume of
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200 Ill. The wells corresponding to the 11th and the 12th column of the micro-titre plate
did not contain antibiotic. The lih column was inoculated with 21ll of the culture and
served as a positive control whereas the 11th column was not inoculated and served as a
negative control. This was incubated at 37°C in 5% CO2 atmosphere for 18h. The
concentration in which an isolate could not grow was taken as the MIC ofthat isolate.
2.3 RESULTS AND DISCUSSION
2.3.1 Antibiotic Susceptibility Testing
As determined by penicillin MIC breakpoints, recently established by the National
Committee for Clinical Laboratory Standards (NCCLS) (Kaneko et al., 2000) for
application to Streptococcus species, it was found that 13.7% (4 isolates) of the isolates
obtained from the Durban Medical School can be considered susceptible (MIC, S 0.12
ug/ml) and 10.3% (3 isolates) intermediate (MIC, 0.25 ug/ml < MIC S 2.0 ug/ml) to
penicillin G, while 75.9% (22 isolates) of the isolates were resistant to penicillin G
(Table 2.2).
In a study in 2000, the rate of intermediate-resistant strains was reported to be between
1.4% and 12.5% (Kaneko et al., 2000). In our study three isolates with intermediate
resistance to penicillin G demonstrated MIC levels between 0.25-2.0Ilg/ml when
compared with susceptible isolates and 22 isolates with MIC levels from 4.0-5000llg/ml
(Table 2.2 and Fig 2.1).
Other studies (Smith et al., 1993; and Zighelboim and Tomsz, 1980) reported that the
molecular mechanism of penicillin resistance in streptococci involve the remodelling of
PBP in such a way that their affinity is greatly reduced towards the antibiotic molecule.
In 2002, Fillipe and Tomasz described the identification of the genetic factors, MurM and
MurN. These factors are considered different from PBPs and confer branched
muropeptides phenotypes of the cell wall.
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This finding suggests that the underlining mechanism for resistance to the antibiotic,
penicillin G, is due to both altered PBP's and the phenotypic expression of the murMN
operon. Isolates KE4, KEl1, KE25, KE26 and KE27, demonstrated high levels of
resistance to penicillin G (Fig. 2.1), which could indicate that these isolates contain both
altered PBPs and MurM and MurN genetic determinants in their genome.
The other resistant isolates (MIC between 4 ug/ml and 200 ug/ml) can be speculated to
contain either PBP genes that have been altered or MurM and MurN genetic
determinants. Isolates KEl, KE2, KE3, KE5 and KE29 including XLI-Blue were
susceptible to penicillin G.
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Table 2.2 In vitro activities ofpenicillin G against streptococcal isolates
Antibiotic MIC (ug/m)) Antibiotic
relation
< 0.1 0.5 1.0 1.5 2.0 2.5 3.0 3.5 >4.0
Penicillin G KEl Susceptible
Penicillin G KE2 Intermediate
Penicillin G KE3 Susceptible
Penicillin G KE4 Resistant
Penicillin G KE5 Susceptible
Penicillin G KE6 Resistant
Penicillin G KE7 Resistant
Penicillin G KE8 Resistant
Penicillin G KE9 Resistant
Penicillin G KElO Resistant
Penicillin G KEll Resistant
Penicillin G KE12 Resistant
Penicillin G KE13 Resistant
Penicillin G KE14 Resistant
Penicillin G KE15 Resistant
Penicillin G KE16 Resistant
Penicillin G KE17 Resistant
Penicillin G KE18 Resistant
Penicillin G KE19 Resistant
Penicillin G KE20 Resistant
Penicillin G KE2l Intermediate
Penicillin G KE22 Resistant
Penicillin G KE23 Resistant
Penicillin G KE24 Intermediate
Penicillin G KE25 Resistant
Penicillin G KE26 Resistant
Penicillin G KE27 Resistant
Penicillin G KE28 Resistant
Penicillin G KE29 Susceptible
Penicillin G xi.i Blue Susceptible







~ ~ ~ a ~ ~ ~ ~
~ ~ ~ ~ ~ ~ ~ ~
IiI Im1 171
t"- C1J m.... .... ....w w w
~ ~ ~
Streptococcal Isolates
~ t"- C1J m 0 .... N C') -.r tn ~
W W W W ~ ~ ~ ~ ~ ~ ~
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
f:'d~_~
.... N C') -.r tn
















200o I I I I · I I C I Cl I .... I Cl I i I I I Ll'±I I ""-l I I ~ ,
Figure 2.1. Minimal Inhibitory Concentration ofPenicillin G against streptococcal isolates
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In conclusion, high level ofpenicillin G resistance was common among the isolates ofS.
agalactiae , this is evident from the fact that all ofS. agalactiae isolates were resistant to
penicillin G (Table 2.1 and Table 2.2). S. constellatus isolates were also resistant to
penicillin G. From penicillin susceptibility results, it is expected to fmd most if not all S.
agalactiae isolates clustered together when analyzed by UPGMA neighbor-joining
computer progaramme, software. Although S. constellatus isolates showed the same
antibioc patterns as S. agalactiae , they are not expected to be in one cluster with S.
agalactiaei because they are different species. S. pyogenes isolates were fully represented
in the three categories of penicillin G susceptibility (susceptible, intermediate resistant
and resistant) (Table 2.2). S. pyogenes with the same antibiotic relation are expected to
cluster together or show very few differences when analyzed by RAPD and PFGE
analysis, chapeter 3 and chapte 4 respectively. Other isolates, S. dys. equisimilis and
Enterococcus faecalis, were also found to represent different antibiotic relations within a
species (Table 2.2). Penicillin G MIC levels determined in the present study will help in
the analysis of genetic relatedness of the streptococcal isolates established by RAPD
(Chapter 3) and PFGE (Chapter 4).
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CHAPTER THREE
GENOTYPING OF SELECTED CLINICAL
STREPTOCOCCAL ISOLATES BY RANDOMLY
AMPLIFIED POLYMORPHIC DNA -POLYMERASE
CHAIN REACTION (RAPD-PCR) ANALYSIS
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ABSTRACT
The genetic diversity of 29 streptococcal isolates was examined by randomly amplified
polymorphic DNA (RAPD) analysis with three primers named MBPZ-I , MBPZ-2 and
MBPZ-3. The strains included 29 isolates ofhuman origin and one Escherichia coli strain
called XL-I Blue. This investigation allowed for the identification of 27 RAPD types
with MBPZ-I and MBPZ-3 and 26 RAPD types with MBPZ-2. Ninety-eight percent of
these isolates were clustered into two groups, group I and group 11, with 90% to 100%
dissimilarity among them. Fifty-two percent of the isolates of MBPZ-I group I were in
MBPZ-2 group I, 72% isolates ofMBPZ-1 group I were in MBPZ-3 group I, and 72% of
the isolates ofMBPZ-2 group I were in MBPZ-3 group I. This shows the discriminatory




Although a variety of PCR based methods have been developed for fingerprinting
purposes, the RAPD analysis has evolved as the most popular method for DNA
fmgerprinting of infectious pathogens (van Belkum, 1994; and Caetano-Anolles, 1993).
RAPD analysis utilizes random primers of approximately 10 bases long that is not
targeted to amplify any specific bacterial DNA sequence (Williams et al., 1990). At low
annealing temperatures, the primer will hybridize at multiple random chromosomal
locations and initiate DNA amplification (Tenover, et al., 1995; and Lefevre et al., 1993).
The resulting RAPD-PCR products represent a number ofdifferent-sized DNA amplicons
that are resolved by staining with ethidium bromide following agarose gel
electrophoresis.
In the first reaction on each strand, a sequence is replicated by Taq polymerase,
beginning at the site of hybridization and extending beyond the point of the cognate
sequence on the opposite strand (Dunne et al., 2001; Maslow et al., 1993). However, in
the second reaction, the primer fmds the homologous site within the first amplified strand
and the replication reaction extends the second strand to the terminus of the sequence,
which is the homologous sequence to the opposite strand. This second reaction produces
the first amplified sequences equal in length to the targeted amplicon. In the amplification
reaction that follows, primers continue to promote exclusively the synthesis of fragments
ofthe amplicon sequence (Tenover et al., 1995).
In the development of a RAPD DNA fmgerprinting system for a particular species, a
number of oligonucleotide primers must be tested and those that provide the best
variability among independent isolates are selected (Pujol et al., 1997). Although a single
primer can generate a relatively complex pattern that varies among isolates, in most cases
a single primer provides one to three intense bands that may differ among isolates
(Tenover et al., 1995). Therefore one must select more than one primer, run each
independently for each test isolate and combine the information (Pujol et al., 1997).
38
The RAPD method of DNA fmgerprinting has become popular for most infectious
bacteria and has been successfully applied to Streptococcus agalactiae (Martinez et al.,
2000; Chatellier et al., 1997; and Williams et al., 1990), Streptococcus suis (Chatellier et
al., 1998), Streptococcus pneumoniae (Gerardo et al., 1999; Hermans et aI., 1995; and
van Belkum, 1994), Streptococcus dysgalactiae (Oliver et al., 1998) and Enterococcus
faecalis (Barbier et al., 1996).
Several disadvantages of the procedure must, however, be kept in mind. First, there is a
problem of reproducibility not only among laboratories, but also within a laboratory over
time. This single problem, although not insurmountable, makes the development of a
common database difficult (Tenover et al., 1997).
Virtually every methodological aspect of PCR can affect reproducibility. Artificial
variation can occur as a result of small differences in the primer-to-template
concentration ratio, the temperatures during the amplification reaction and the
concentration of magnesium in the reaction mixture (Ellsworth et aI., 1993). Changes in
these parameters affect notably the presence of low-intensity bands but can also affect the
position and intensity ofhigh-intensity bands.
3.2 MATERIALS AND METHODS
3.2.1 Chromosomal DNA Purification
Chromosomal DNA was isolated from all bacteria listed in Table 2.1. The DNA
manipulations or purification were performed generally as described by the DNaesy
Tissue Handbook (Qiagen), with minor modifications. The chromosomal DNA was
extracted by harvesting a maximum of2 x 109 bacterial cells (OD6oo value ofO. 5 to 1.0)
in a 1.5 ml microcentrifuge tube by centrifugation at 7500 rpm (5000 x g) and this pellet
was then resuspended in 180 J.lI of lysis buffer (20 mM Tris-HCl, pH 8.0; 2 mM EDTA;
1.2% Triton® X- 100) containing 1 mg/ml of lysozyme; 1 mg/ml of mutanolysin; and
0.05 ug/ml of RNase A (Roche Diagnostics). The lysis was completed after 30 minutes
of incubation at 37°C. Deproteinization of the extract was done by the addition of 10
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mg/ml ofproteinase K and 200 JlIofbuffer AL (Qiagen), and incubated at 70°C for thirty
minutes. The DNA was precipitated with absolute ethanol (96 - 100%) and washed
through a DNaesy spin column by centrifugation using washing buffer AWl (Qiagen)
and then buffer AW2 (Qiagen). After washing with AW2 (Qiagen) the DNA was eluted
twice into two separate sterile microcentrifuge tubes, using 50 JlI of elution buffer, AE
(Qiagen), by centrifugation at 8000 rpm for 1 min. Ten JlI of the eluted DNA was used
for analysis (see section 3.2.2) and the rest was stored at -20°C for further use.
3.2.2 Analysis of DNA Extracts by Agarose Gel Electrophoresis
DNA extracts were analysed by agarose gel electrophoresis on a 0.8% agarose gel,
prepared in IX TAE buffer (4.846g of Tris, 0.41 g of anhydrous sodium acetate, and
0.372 g EDTA, pH 7.8) and stained with ethidium bromide (0.5Jlg/ml). Molecular weight
marker (MWM) III (Roche) was used as the standard markers. Electrophoresis
parameters were: (i) maximum current; (ii) 72 volts; and (iii) 1 hour and 30 minutes
running time. The results were visualized by ultraviolet (DV) transilluninator following
staining with ethidium bromide and then photographed by a gel documenting system
(UVP's GDS 5000).
3.2.3 Quantification of DNA
The quantity of extracted DNA was measured using a GenQuant spectrophotometer (E-
52) (Pharmacia). DNA samples were first diluted 100 times (5 JlI of DNA sample to 495
JlI of AE buffer (Qiagen) in AE buffer (Qiagen). AE buffer (Qiagen)) was also used as a
blank. The absorbance readings were taken at wavelengths of 260nm and 280nm. The
readings at 260 nm allows for the calculation of nucleic acids concentration. An
absorbance of 1 corresponds to approximately 50 ug/ml of double stranded DNA
(Brown, 1993). The ratio between the readings at 260 nm and 280 nm (A2601A28o)
provides an estimate of the purity ofthe nucleic acids.
3.2.4 RAPD-PCR Optimization
RAPD-PCR analysis was performed as described by Martinez et al., 2000, with
modifications. Optimization was done by magnesium titration where all other reagents
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(Table 3.1) were kept constant. Initially four primers (Table 3.2) were used to determine
if they would all give the most discriminative results.
Table 3.1 Parameters used during MgCh profiling for optimization ofRAPD-PCR assay
Reagent Initial Required Volume (Ill) to take X6
Concentration Concentration out of reagent
SdH20 A Ax6
10X reaction
buffer without 10X IX 2.5 15.0
MgCh
MgCh 25mM B C Cx6
dNTP 10mM 0.2mM 0.5 3.0
Primer 100flM 0.5 3.0
DNA Template luug/ml





A - volume ofsterile distilled water to add to the reaction tube
B - Concentration ofMgCh required
C - The volume ofstock MgCh to add to the reaction tube
The concentration of MgCh used ranged from 1.0 mM to 3.5 mM. Each concentration
was tested with five species (KEl , KE2, KE3, KE4, and KE5). Amplification was
performed in a 25 ul reaction mixture (Table 3.1) with a single primer being used in each
reaction. Amplification was done using a Gene.Amp" PCR Systems model 9700
thermocycler.
Each sample was subjected to the first cycle of amplification of four minutes of
denaturation at 94°C, one minute of annealing at 36°C and two minutes of extension at
72°C. Each of the 44 subsequent cycles consisted of the denaturaion at 94°C for one
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minute, annealing at 36°C for one minute and extension at 72°C for two minutes and the
last cycle consisted ofan extension at 72°C for ten minutes.
3.2.5 Analysis of RAPD-PCR Product by Agarose Gel Electrophoresis
r ·
Agarose gel electrophoresis was performed as previously described (section 3.2.2), with
minor modifications. A 1.5% agarose gel was prepared in 0.5 X TBE buffer (5.4 g Tris,
2.5 g boric acid, 0.45 g EDTA).
The electrophoresis parameters were: 100 V and 50 mA constant currenJ for 6.5 hours.
Molecular weight marker III (Roche) was used as molecular standards, negative control
consisting of the same reaction liiixture, but with sterile distilled water, instead of
template DNA and a positive control containing the same reaction mixture with template
DNA, from E. coli (XL-l Blue) was also included for analysis.-
3.2.6. Computer Analysis of Banding Pattern Data
Data obtained by RAPD analysis contains discrete bands that in most cases can be
automatically identified and digitized by computer-assisted systems (Abbott et al. 1995;
Avise, 1994; and Rohlf, 1963). The object of pattern comparison is to obtain a measure
of commonness or difference between the gel patterns of two isolates. Many different
measures of genetic distance, or similarity coefficients, exist. For the purposes of the
present study, Euclidean formula for genetic distance measure, which takes into
consideration the presence and the absence of a band, was used to analyze patterns
produced by RAPD analysis (Abbott et al. 1985).
The data for banding patterns was synopsised by binary values 0 and 1, where zero
indicates no band at a position and 1 indicate a band at that position (Avise, 1994;
Clifford and Stephenson, 1975; Sneath and Sokal, 1973; and Sneath, 1957). Euclidean
distance measure discard negative matches between pairs of isolates and provides a more
accurate picture of relatedness (Abbott et al. 1995). Euclidean distance measure is
described by, Di.~ = -.J(aA - aBi+ (bA- bB)2, where DiABis the shortest distance between
species A and B, aA is a band that exists in species A, aB is a band that exists in species B,
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bA is a band that exists in species A and bB is a band that exist in species B. The
phylogenetic trees were constructed using unweighted-pair group arithmetic mean
(UPGMA) (Saitou, and Nei, 1987; and Sneath, 1957).
3.3 RESULTS AND DISCUSSION
3.3.1 Identification of Informative Primers
To identify primers that generate informative and discriminatory arrays of RAPD
products, four different IQ-mer primers (Table 3.2) were chosen at random to obtain
RAPD profiles from five isolates of streptococci that were selected from the entire panel
of isolates. These four oligonucleotides were selected according to the following criteria:
(i) 10 nucleotides in length, (ii) between 40 and 77% G + C in composition, (iii)
containing no palindromic sequence. Performance data for each primer in PCR with the
five DNA samples are presented in Table 3.2. Three out of the four primers exhibited
different degrees of discrimination among the isolates and therefore they were selected
for subsequent studies with the full panel of thirty isolates. Three primers named MBPZ-
1 (5'-AGGGGGTTCC-3'), MBPZ-2 (5'- AACGCGCAAC-3'), and MBPZ-3 (5'-
GCATACAATC-3') were selected, as they showed polymorphism among individual
isolates and gave reproducible patterns comprising fragments with a large size range and
a small number oflow intensity bands (Fig. 3.1).
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Table 3.2 Short random oligonucleotide primers tested by RAPD analysis of streptococci
Name Sequence %GC Fragments No. of
(5'~3') Size Range (kb) No. Patterns
MBPZ-l AGGGGGTTCC 70 0.6-3 6 - 12 27
MBPZ-2 AACGCGCAAC 60 0.6-4 3 -14 27
MBPZ-3 GCATACAATC 40 0.5 - 1.5 4-16 28
MBPZ-4 AGTCGGGTGG 70 0.1-4.5 3 - 11 8
The reproducibility of the RAPD patterns obtained with these primers were verified by
repeating the experiments under the same conditions, using DNA preparation prepared at
different times from the five isolates tested (Fig. 3.1).
The most informative and reproducible fingerprint patterns were obtained with 3.5 mM
MgCh. More MgCh resulted in a higher background, without additional prominent
bands. The number ofamplified DNA fragments observed by agarose gel electrophoresis-
ranged from five to seventeen bands (Fig. 3.1).
Primer MBPZ-4 with GC contents of 70% resulted in less than six different pattern of
bands, or no amplification product at all. This primer also gave a large number of low
intensity bands. The intensities of the minor fragments varied in repeated tests (Table 3.1
and figure 3.2D), so this primer was not tested further with any ofthe other species.
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Figure 3.1. Reproducibility of the RAPD patterns obtained with three primers. Al and
A2 represent RAPD patterns obtained with MBPZ-I using the same DNA but prepared at
different times. BI and B2 represent RAPD patterns obtained with MBPZ-2 using the
same DNA but prepared at different times. Cl and C2 represent RAPD patterns obtained
with MBPZ-3 using the same DNA but prepared at different times. Lane: M, Molecular













Figure 3.2. RAPD patterns generated with primers MBPZ-I (AI to A5), MBPZ-2 (BI to
B5), MBPZ-3 (Cl to C5), and MBPZ-4 (DI to D5), which includes only isolates of
streptococci. Lane: M, Molecular Weight Marker III (Roche); 1, KEl; 2, KE2; 3, KE3,
4, KE4; 5, KE5.
The remaining three primers (MBPZ-I , MBPZ-2, and MBPZ-3) with G + C contents of
40 to 70 % were selected, as they gave more or less reproducible patterns comprising
fragments with large size range and a small number oflow intensity bands (Fig. 3.1 A to
C; and Fig. 3.2 A to C). Although the selected primers did not give 100% reproducibility
of RAPD patterns of the five isolates selected from the panel, they gave good
46
differentiation of unrelated strains/species. The reproducibility of the RAPD patterns
obtained with these three primers were verified by repeating experiments under the same
conditions. Each isolate was tested at least twice.
3.3.2 Genetic Diversity of Isolates as Defined by RAPD Fingerprinting.
For the whole panel of29 isolates, 27 RAPD patterns, each composed of four to fourteen
bands with sizes between 0.2 and 4.0 kb, were obtained with primer MBPZ-1 (Fig. 3.3);
27 RAPD patterns, each characterized by three to ten bands in a 0.1 to 3.5 kb size range
resulted with MBPZ-2 (Fig. 3.5) and 26 RAPD patterns, each with six to eighteen bands
in a 0.1 to 5.0 kb size range, were observed with MBPZ-3 (Fig. 3.7).
Genetic relationships, generated by UPGMA-neighbour joining computer software
(section 3.2.6), among the 27 RAPD patterns obtained with MBPZ-1 are represented in
the dendogram shown in Fig. 3.4. A total of 98% ofthe isolates was clustered by MBPZ-
1 into two groups (I and 11), with 75% to 80% dissimilarity among them. Two clusters, A
(17 isolates) and B (8 isolates), 69% to 76% dissimilarity, were identified within group I.
Only one cluster (8 isolates), with 54 to 85% dissimilarity, was identified within group 11.
All thirteen isolates of S agalactiae were grouped together in group I. Twelve of the
thirteen S.agalactiae isolates were clustered in cluster A of group I and the other isolate,
KE 12 was in cluster B of group I. Although S agalactiae isolates exhibit different
percentages of similarity among themselves, it is evedent from the phylogenetic tree that
they are isolates of the same species since they grouped together in one group (fig. 3.4
group I, cluster A). Four S agalactiae isolates (KE 9 and KE 10, and KE 6 and KE 7) of
group I, cluster A, showed 0% dissimilarity, i.e. 100% homology. This suggest that
RAPD analysis using MBPZ-1 exhibits KE 9 and KE 10, representing the same strain of
S agalactiae, and KE 6 and KE 7 representing another strain of Siagalactiae. Table 3.5
shows 0% dissimilarity between KE 26 and KE 27. However, this 100% homology is not
shown on a dendogram, but they appear as the closest relatives (Fig. 3.3). These results
also suggested that primer MBPZ-1 is a good primer to discriminate for S agalactiae.
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Three isolates (KE 3, KE 5 and KE 19) ofS. pyogens and two S. sys. equisimilis isolates
(KE 2 and KE 13) were also found in cluster A of group I (Fig. 3.4). Even though the
three isolates of S. pyogens.and two isolate of S. dys. equisimilis were clustered with S .
agalactiae in one group, primer MBPZ-l managed to exhibit the two S. sys. equisimilis
isolates as related (50% similar) isolates as well as the three S. pyogenes isolates, as
related (60% similar) isolates (Fig. 3.4 group I, cluster A). Cluster B of group I contained
only S. pyogenes isolates (KE 1, KE 11, KE 14, KE 15, KE 21, KE 22 and KE 24) except
one S. agalactiae isolate (KE 12). Only five isolates were grouped into group 11, two
isolates of this group were S. contellatus (KE 23 and KE 29), two of them were
Enterococcusfeacalis (KE 16 and KE 25) and the last one was Ecoli. KE 29 and E coli
of group 11 showed 100% homology but E coli was expected not to cluster with any
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Figure 3.3. RAPD patterns of chromosomal DNA obtained from MBPZ-l primer and
resolved on a 1.5% agarose gel in 0.5 X TBE buffer. A: Lane M: MWMII; lane 1 to lane
15: KE 1; KE 2; KE 3; KE 4; KE 5; KE 6; KE 7; KE 8; KE 9; KE 10; KE 11; KE 12; KE
13; KE 14; KE 15. B: LaneM: MWMII; lane 1: KE 16; lane 2: KE 17; lane 3: KE 18;
lane 4: KE 19; lane 5: KE 20; lane 6: KE 21; lane 7 to 15: KE 22; KE 23; KE 24; KE 25;
KE 26; KE 27; KE 28; KE 29; E coli (XL I-Blue).
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Table 3.3. Scores of the bands generated with primer MBPZ-I
Strain Band Letter
A B C D E F G H I J K L M N 0 P Q R S T U V
KEl 0 0 0 1 1 0 0 1 o 0 1 1 0 1 0 1 1 o 1 0 1 1
KE2 0 0 0 0 0 1 1 1 1 0 1 0 0 1 1 1 0 o 1 0 1 1
KE3 0 0 0 1 0 1 0 1 o 0 1 1 0 1 0 1 1 o 1 0 1 1
KE4 0 0 0 1 0 1 0 1 o 0 1 0 0 1 0 0 1 1 0 1 1 1
KE5 0 0 1 1 0 0 1 1 o 1 1 0 0 1 0 1 1 0 0 0 1 1
KE6 0 0 0 1 0 1 0 1 o 0 0 0 1 1 1 1 1 0 0 I 1 1
KE7 0 0 0 1 0 1 0 1 o 0 0 0 1 1 1 1 1 0 0 1 1 1
KE8 0 0 0 1 0 1 0 1 o 0 0 0 0 1 1 0 1 0 0 101
KE9 0 0 0 1 0 1 0 1 o 0 0 0 0 1 1 0 1 0 0 1 1 1
KEI0 0 0 0 1 0 1 0 1 o 0 0 0 0 1 1 0 1 0 0 1 1 1
KEll 0 0 0 0 0 0 0 1 o 0 1 0 0 0 1 1 0 1 0 o 1 1
KE12 0 0 0 1 0 1 1 1 o 0 0 0 0 1 1 1 1 o 0 101
KE13 0 0 0 0 0 0 1 1 o 1 1 0 0 1 1 1 0 o 1 101
KE14 0 0 0 1 1 0 1 1 o 0 0 1 1 0 1 1 0 1 1 1 1 1
KE15 0 0 0 1 1 1 1 0 1 0 0 1 I 1 1 1 0 1 0 1 0 1
KE16 0 1 0 1 1 0 0 0 o 0 0 1 1 1 1 1 0 o 1 1 0 0
KE17 0 0 0 1 1 0 0 0 o 0 0 0 1 1 0 1 0 o 1 1 1 0
KE18 0 0 0 1 1 0 0 0 o 0 0 0 1 1 0 1 0 o 1 1 1 0
KE19 0 0 0 1 0 1 0 1 o 1 0 0 1 1 1 0 0 o 0 o 1 1
KE20 0 0 0 0 0 0 0 0 o 0 0 0 I 1 0 1 0 o 0 o 1 0
KE21 0 0 0 0 0 0 0 0 o 1 1 0 1 1 1 1 0 1 0 o 1 0
KE22 0 0 1 1 1 0 0 1 o 0 1 0 0 1 1 0 1 1 0 o 1 1
KE23 0 0 0 1 0 0 0 0 o 1 1 0 1 1 0 0 010 010
KE24 0 0 0 1 0 0 0 1 o 0 0 1 1 1 1 0 1 1 0 101
KE25 0 0 0 1 0 1 1 1 o 0 0 0 1 1 0 1 1 1 0 1 1 1
KE26 1 0 1 1 1 1 1 1 o 0 0 0 0 1 0 0 100 1 1 1
KE27 1 0 1 1 1 1 I 1 o 0 0 0 0 1 0 0 100 1 1 1
KE28 1 0 1 1 1 0 1 1 o 0 0 0 0 1 0 0 100 1 1 1
KE29 0 0 0 0 0 0 0 0 o 0 0 0 1 1 0 0 o 0 1 o 0 0
E. coli 0 0 0 0 0 0 0 0 000 0 I 1 0 1 o 0 0 o 1 0
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Table 3.4. Distance matrix of streptococcal isolates generated with primer MBPZ-l
KEI KE2 KE3 KE4 KE5 KE6 KE7 KE8 KE9 KEIOKEII KEI2 KEI3 KEI4 KEI5 KEI 6 KEI 7 KEI 8 KEI 9 KE20 KE21 KE22 KE23 KE24 KE25 KE26 KE27 KE28 KE29 E. coli
:E l 0 KEI
:E2 5 0 KE2
:E3 5 8 0 KE3
:E4 9 6 6 0 KE4
:.E5 3 6 6 8 0 KE5
:.E6 9 8 6 4 6 0 KEE
:.E7 10 9 7 5 7 1 0 KE'i
:.E8 8 7 9 5 7 ., 2 0 KE8.1
:E9 9 8 10 8 6 4 3 3 0 KE~
:EIO 8 7 9 7 9 7 6 4 5 0 KEI
:.Ell 3 8 6 10 6 10 11 1I 10 I1 0 KEI
:E12 8 7 9 7 9 5 4 2 5 2 II 0 KEI
:.E 13 5 4 6 6 6 6 7 7 10 9 6 7 0 KEI
:.E 14 3 6 4 8 6 8 9 9 12 II 4 9 2 0 KEI
:E15 3 6 4 8 6 8 9 9 12 11 4 9 2 0 0 KEI
:E16 7 8 12 8 6 6 5 3 2 5 8 5 8 10 10 0 KEI
:E17 8 7 9 5 7 3 2 0 3 4 II 2 7 9 9 3 0 KEI
:E18 4 7 9 9 7 7 6 4 5 4 7 4 7 7 7 3 4 0 KEI
:E19 2 3 7 7 3 7 8 6 7 6 5 6 3 5 5 5 6 4 0 KEI
:E20 7 6 10 8 8 6 5 3 2 3 8 3 8 10 10 2 3 3 5 0 KE2
:E21 I 6 6 8 4 8 9 7 8 7 4 7 6 4 4 6 7 3 3 6 0 KE2
:E22 5 6 6 8 6 6 7 9 8 9 6 9 4 4 4 8 9 5 5 8 4 0 KE2
:E23 9 8 8 6 10 8 7 7 8 7 8 7 4 6 6 6 7 7 7 6 8 6 0 KE2
:E24 5 8 4 6 8 6 7 7 10 9 4 7 6 4 4 10 7 7 7 8 4 6 8 0 KE2
E 25 9 6 10 8 10 8 7 7 8 5 8 5 6 8 8 8 7 7 7 6 8 6 6 6 0 KE2
E26 9 8 8 4 8 6 5 3 6 3 12 3 8 10 10 6 3 7 7 6 8 10 6 8 6 0 KE2
E27 9 8 8 4 8 6 5 3 6 3 12 3 8 10 10 6 3 7 7 6 8 10 6 8 6 0 0 KE2
:E28 7 6 6 4 6 4 3 3 6 7 8 5 4 6 6 6 3 7 5 6 8 8 6 6 6 4 4 0 KE2
E29 5 8 6 8 8 6 5 5 8 7 6 5 4 4 4 6 5 3 5 6 6 6 6 6 8 8 8 4 0 KE2
.coli 6 9 11 11 9 II 10 8 7 8 7 8 9 9 9 5 8 4 6 5 5 7 7 9 9 9 9 9 7 0 E.cc
KEI KE2 KE3 KE4 KE5 KE6 KE7 KE8 KE9 KEIO KEII KEI2 KE13 KEI4 KEI 5 KEI6 KEI7 KEI8 KEI9 KE20 KE21 KE22 KE23 KE24 KE25 KE26 KE27 KE28 KE29 E. coli
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Table 3.5. Euclidean distance between RAPD band patterns for streptococci generated with primer MBPZ-l
KEl KE2 KE3 KE4 KE5 KE6 KE7 KE8 KE9 KE lO KEll KE12K E13 KE14 KE15 KE16 KEl7 KE18 KE1 9 KE20KE21KE22 KE23 KE24 KE25 KE26 KE27 KE28KE29E. coli
eEl 0 KEl
eE2 53 0 KE2
eE3 17 43 0 KE3
eE4 50 60 38 0 - KE4
eE5 43 53 43 50 0 KE5
eE6 53 53 43 38 53 0 KEE
eE7 53 53 43 38 53 0 0 KEi
eE8 64 64 54 36 64 27 27 0 KE8
eE9 57 57 46 27 57 18 18 11 0 KESl
eElO 57 57 46 27 57 18 18 II 0 0 KEl
eEll 62 50 62 58 62 62 62 75 67 67 0 KEI
eEI2 60 50 50 46 50 25 25 20 27 27 69 0 KEl
eEB 60 38 60 67 50 60 60 62 64 64 58 46 0 KEl
eE14 50 59 59 65 67 50 50 69 63 63 57 56 56 0 KEl
eEI5 67 59 67 65 74 50 50 60 63 63 75 47 65 38 0 KEl
eE16 60 76 69 82 83 60 60 71 73 73 87 67 67 47 47 0 KEl
eE17 54 73 64 71 73 54 54 77 69 69 85 71 71 50 60 36 0 KEl
eEI8 54 73 64 71 73 54 54 77 69 69 85 71 71 50 60 36 0 0 KEl
eE19 67 57 57 54 57 33 33 45 36 36 67 54 64 63 63 73 69 69 0 KEl
eE20 75 75 75 83 75 64 64 91 82 82 78 83 83 79 79 73 50 50 70 0 KE2
eE21 73 64 73 71 64 64 64 86 79 79 50 80 62 69 69 71 67 67 58 50 0 KE2
eE22 43 63 53 38 43 53 53 54 46 46 50 60 69 59 67 76 73 73 57 85 64 0 KE2
eE23 71 80 71 58 62 71 71 85 77 77 73 87 79 75 75 79 64 64 55 63 33 62 0 KE2
eE24 60 76 60 46 69 38 38 36 42 42 69 46 67 47 47 57 71 71 54 83 71 50 69 0 KE2
eE25 56 56 47 31 47 23 23 46 38 38 64 31 63 44 44 71 57 57 50 67 67 56 64 43 0 KE2
eE26 56 65 56 43 47 47 47 46 38 38 81 43 71 61 61 78 67 67 60 86 89 47 81 63 40 0 KE2
(E27 56 65 56 43 47 47 47 46 38 38 81 43 71 61 61 78 67 67 60 86 89 47 81 63 40 0 0 KE2
(E28 53 71 63 50 43 53 53 54 46 46 80 50 69 59 67 76 64 64 67 85 88 43 80 60 47 8
~
0 KE2
(E29 83 83 83 92 92 83 83 90 91 91 100 92 82 86 86 70 63 63 80 60 78 92 75 82 85 93 92 0 KE2
~. coli 75 75 75 83 75 64 64 91 82 82 78 83 83 79 79 73 50 50 70 0 50 85 63 83 67 86 85 60 0 E.ec
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Figure 3.4. Genetic relationships among 29 streptococcal isolates and one Escherichia
coli strain, as estimated by cluster analysis of RAPD patterns obtained with primer
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Figure 3.5. RAPD patterns of chromosomal DNA fragments obtained with MBPZ-2
primer and resolved on a 1.5% agarose gel in 0.5 X TBE buffer. C: Lane M: MWMII;
lane 1 to 15: KE 1; KE 2; KE 3; KE 4; KE 5; KE 6; KE 7; KE 8; KE 9; KE 10; KE 11;
KE 12; KE 13; KE 14; KE 15. D: Lane M: MWMII; lanel to 15: KE 16; KE 17; KE 18;
KE 19; KE 20; KE 21; KE 22; KE 23; KE 24; KE 25; KE 26; KE 27; KE 28; KE 29; E.
coli (XL I-Blue).
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Table 3.6. Scores of the bands generated with primer MBPZ-2
Strain Band Letter
A B C D E F G H I J K L M N 0 p Q R S T U V
KEl 0 0 1 0 0 0 0 0 0 1 1 0 1 0 1 1 0 1 0 0 0 0
KE2 0 0 0 0 1 1 1 0 1 l 1 0 J 0 1 J 0 1 0 0 o 0
KE3 0 0 J J 0 0 0 0 1 1 0 1 1 0 1 1 J 1 0 0 o 0
KE4 0 1 0 0 1 0 1 0 1 1 0 1 1 0 1 1 1 0 0 0 o 0
KE5 0 1 1 1 1 0 0 0 0 1 1 0 1 0 1 1 0 1 0 0 o 0
KE6 0 1 0 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 0 0 o 0
KE7 0 1 0 1 1 0 0 0 1 1 1 1 1 1 1 0 1 1 0 0 o 0
KE8 0 1 0 0 1 0 0 0 1 1 1 1 l 1 1 0 0 0 0 0 o 0
KE9 0 1 0 1 1 0 0 0 1 1 1 0 1 1 0 0 0 0 0 0 o 0
KElO 1 0 0 0 1 0 0 0 1 1 0 0 1 1 1 0 0 0 0 0 o 0
KEll 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0 1 1 1 0 0 o 0
KEl2 1 0 0 0 1 0 0 0 1 1 1 1 1 1 1 0 0 0 0 0 o 0
KEl3 0 0 0 0 1 1 0 0 0 1 1 1 1 0 1 1 1 1 0 0 o 0
KEl4 0 0 1 0 0 1 0 0 0 1 1 1 1 0 1 1 1 1 0 0 o 0
KEl5 0 0 1 0 0 1 0 0 0 1 1 1 1 0 1 1 1 1 0 0 o 0
KEl6 0 1 0 0 1 0 0 0 0 1 1 0 1 1 0 0 0 0 0 0 o 0
KEl7 0 1 0 0 1 0 0 0 1 1 1 1 1 1 1 0 0 0 0 O ' o 0
KEl8 0 0 0 0 0 0 0 0 0 1 1 0 1 1 1 0 0 0 0 0 0 0
KEl9 0 0 0 0 1 0 0 0 0 1 1 0 1 0 1 1 0 1 0 0 0 0
KE20 0 0 0 0 1 0 0 0 1 1 1 0 1 1 0 0 0 0 O' 0 0 0
KE2l 0 0 1 0 0 0 0 0 0 1 1 0 1 0 1 1 0 0 0 0 0 0
KE22 0 0 0 1 0 1 0 0 0 1 J 0 1 0 1 1 1 0 0 0 0 0
KE23 0 0 0 0 1 1 0 0 0 1 0 1 1 0 0 0 1 0 0 0 0 0
KE24 0 0 1 0 0 0 0 0 1 0 1 1 1 0 J 1 1 0 0 0 0 0
KE25 1 0 0 0 1 1 0 0 1 0 1 0 1 0 1 o ,1 0 0 0 0 0
KE26 .1 1 0 0 1 0 0 0 1 J 0 1 1 0 J 0 0 0 0 0 0 0
KE2 7 1 1 0 0 1 0 0 0 1 1 0 1 1 0 1 0 0 0 0 0 0 0
KE28 0 1 0 0 1 0 0 0 1 1 1 1 1 0 J o 1 1 0 0 o 0
KE29 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 o 1 1 0 0 o 0
E. coli 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 o 0 0 0 0 o 0
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Table 3.7. Distance matrix ofstreptococcal isolates generated with primer MBPZ-2
KEI KE2 KE3 KE4 KE S KE6 KE7 KE8 KE9 KE IOKE II KE I2 KEl3 KEI 4 KEIS KE I6 KEl7 KEI 8 KE l9 KE20 KE2 1 KE22 KE23 KE24 KE2S KE26 KE27 KE28 KE29 E. coli
:E l 0 KEI
:E2 S 0 KE2
:E3 S 8 0 KE~J
:E4 9 6 6 0 KE4
:E5 3 6 6 8 0 KE5
:E6 9 8 6 4 6 0 KEE
:E 7 10 9 7 S 7 I 0 KEI
:E8 8 7 9 S 7 3 2 0 KE8
:E9 9 8 10 8 6 4 3 3 0 KEg
:E1O 8 7 9 7 9 7 6 4 S 0 KEI
:Ell 3 8 6 10 6 10 11 11 10 11 0 KEI
:E12 8 7 9 7 9 S 4 2 S 2 11 0 KEl
:E13 5 4 6 6 6 6 7 7 10 9 6 7 0 KEI
:E14 3 6 4 8 6 8 9 9 12 11 4 9 2 0 KEl
:E15 3 6 4 8 6 8 9 9 12 11 4 9 2 0 0 KEI
:E16 7 8 12 8 6 6 5 3 2 S 8 5 8 10 10 0 KEl
:E17 8 7 9 5 7 3 2 0 3 4 11 2 7 9 9 3 0 KEl
: E18 4 7 9 9 7 7 6 4 5 4 7 4 7 7 7 3 4 0 KEI
:E19 2 3 7 7 3 7 8 6 7 6 5 6 3 5 5 5 6 4 0 KEl
:E20 7 6 10 8 8 6 5 3 2 3 8 3 8 10 10 2 3 3 5 0 KE2
:E2 1 I 6 6 8 4 8 9 7 8 7 4 7 6 4 4 6 7 3 3 6 0 KE2
:E22 5 6 6 8 6 6 7 9 8 9 6 9 4 4 4 8 9 5 5 8 4 0 KE2
:E23 9 8 8 6 10 8 7 7 8 7 8 7 4 6 6 6 7 7 7 6 8 6 0 KE2
:E24 5 8 4 6 8 6 7 7 10 9 4 7 6 4 4 10 7 7 7 8 4 6 8 0 KE2
: E25 9 6 10 8 10 8 7 7 8 5 8 5 6 8 8 8 7 7 7 6 8 6 6 6 0 KE2
:E26 9 8 8 4 8 6 5 3 6 3 12 3 8 10 10 6 3 7 7 6 8 10 6 8 6 0 KE2
: E27 9 8 8 4 8 6 5 3 6 3 12 3 8 10 10 6 3 7 7 6 8 10 6 8 6 0 0 KE2
:E28 7 6 6 4 6 4 3 3 6 7 8 5 4 6 6 6 3 7 5 6 8 8 6 6 6 4 4 0 KE2
: E29 5 8 6 8 8 6 5 5 8 7 6 5 4 4 4 6 5 3 5 6 6 6 6 6 8 8 8 4 0 KE2
I.coli 6 9 11 1I 9 11 10 8 7 8 7 8 9 9 9 5 8 4 6 5 5 7 7 9 9 9 9 9 7 0 ECG
KEI KE2 KE3 KE4 KE5 KE6 KE7 KE8 KE9 KEIO KEII KE I2 KEB KEl4 KEI5 KEI6 KE 17 KE18 KE19 KE20 KE21 KE22 KE23 KE24 KE25 KE26 KE27 KE28 KE29 E coli
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Table 3.8. Euclidean distance between RAPD banding patterns for streptococci generated with primer MBPZ-2
KE1 KE2 KE3 KE4 KE5 KE6 KE7 KE8 KE9 KE10 KEll KE12 KE13 KE14 KE15 KE16KE17 KE18 KE19 KE20 KE21 KE22 KE23 KE24 KE25 KE26 KE27 KE28 KE29E coli
El 0 KE1
E2 45 0 KE2
E3 45 57 0 KE~J
E4 69 46 46 0 KE4
E5 30 46 46 57 0 KE5
E6 64 53 43 31 43 0 KEE
E 7 71 60 50 38 50 8 0 KEi
E8 67 54 64 42 54 25 18 0 KE8
E9 75 62 71 62 50 33 27 30 0 KE9
E10 73 58 69 58 69 54 50 40 50 0 KE1
E ll 38 67 55 77 55 71 79 85 83 92 0 KE1
E12 67 54 64 54 64 38 33 20 45 22 85 0 KE1
El3 45 33 46 46 46 43 50 54 71 69 55 54 0 KE1
E14 30 46 33 57 46 53 60 64 80 79 40 64 18 0 KE1
E15 30 46 33 57 46 53 60 64 80 79 (40) 64 18 0 0 KE1
E16 70 67 86 67 55 50 45 33 25 56 86 50 67 77 77 0 KE1
E17 67 54 64 42 54 25 18 0 30 40 85 20 54 64 64 33 0 KE1
E18 50 64 75 75 64 58 55 44 56 50 78 44 64 64 64 43 44 0 KE1
E19 25 30 58 58 30 54 62 55 64 60 56 55 30 45 45 56 55 50 0 KE1
E20 ;W, 55 77 67 67 50 45 .33. 25 38 80 33 67 77 77 29 33 43 56 0 KE2
E21 Q~ 55 55 67 40 62 69 \.64} 73 70 ~ 6:1- 5S- 40 '!Q, 67 64 43 38 67 0
KE2
E22 5 50 50 62 50 46 54 09 67 75 60 69 36 36 36 73 69 56 50 73 44 0 KE2
E23 82 67 67 55 77 62 58 64 73 70 80 64 40 55 55 67 64 78 70 67 80 60 0 KE2
E24 50 62 36 50 62 46 54 58 77 75 44 58 50 36 36 83 58 70 64 73 44 55 73 0 KE2»>. KE2E25 75 50 71 62 71 57 54 58 67 50 73 45 50 62 62 73 58 70 64 60 (7~\ 55 60 55 0
E26 75 62 62 36 62 46 42 30 55 33 92 30 62 71 71 60 30 70 64 60 73 77 60 67 55 0 KE2
E27 75 62 62 36 62 46 42 30 55 33 92 30 62 71 71 60 30 70 64 60 73 77 60 67 55 0 0 KE2
E28 58 46 46 33 46 31 25 27 50 58 67 42 33 46 46 55 27 64 45 55 67 62 55 50 50 36 36 0 KE2
E29 50 62 50 62 62 46 42 45 67 64 60 45 36 36 36 60 45 38 50 60 60 55 60 55 67 67 67 36 0 KE2
.coli 75 82 92 92 82 85 83 80 78 89 88 80 82 82 82 71 80 67 75 71 71 78 88 90 90 90 90 82 78 0 ECG
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Figure 3.6. Genetic relationships among 29 streptococcal isolates and one Escherichia
coli strain as estimated by cluster analysis of RAPD patterns obtained with primer
MBPZ-2. The dendogram was generated by the unweighted pair group method, with
arithmetic means.
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Genetic relationships, generated by UPGMA-neighbour joining computer software
(section 3.2.6), among the 27 RAPD patterns obtained with MBPZ-2 are represented in
Fig. 3.6. The 27 RAPD patterns clustered into two groups (group I and group II [Fig.
3.6]) of isolates, with an average of 86% dissimilarity among them. Two clusters, A (12
isolates) and B (3 isolates), with 78% to 85% dissimilarity, were identified within group
I. Another two clusters, C (13 isolates), and D (3 isolates), with 65% to 78%
dissimilarity, were identified within group II. Out of twelve isoaltes of group I cluster A,
10 isolates were isolates of S. pyogenes and the other two isolates isolates of S. dys.
equisimilis. One isolates of S. agalactiae, isolates of S. constellatus and the other species
was E. coli. Two isolates (KE 14 and KE 15) of group I, cluster A, showed 100%
homology. This means that RAPD analysis using MBPZ-2 showed that KE 14 and KE 15
are the same strain ofS. pyogenes.
Although all isolates ofS. pyogenes were clustered in cluster A of group I which exhibit
primer MBPZ-2 as a good primer to discriminate for isolates of S. pyogenes, S. dys.
equisimilis isolates were found among isolates of S. pyogenes. E. coli was found to be
among the isolates of streptocci, which was not expected to happen (Fig. 3.6 group I
cluster A). Cluster C ofgroup II contained only isolates ofS. agalactiae (Fig. 3.6 group II
cluster C). Fig. 3.6 suggests that primer MBPZ-2 is a good primer to discriminate for
isolates ofS. agalactiae. Four isolates (KE8 and KE17, and KE 26 and KE 27) of group
II cluster C, showed 100% homology. This means that RAPD analysis using MBPZ-2
exhibit KE 8 and KE 17 represents the same strain ofS. agalactiae and KE 26 and KE 27
another strain of S. agalactiae. Cluster D of group II contained only two isolates, S.
constellatus and Enterococcus faecalis, were exhibited not related (80% dissimilarity) by
primer MBPZ-2. This was, ofcourse expected since they are different species.
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Figure 3.7. RAPD patterns of chromosomal DNA RAPD-PCR products obtained from
MBPZ-3 primer and resolved on 1.5% agarose gel in a 0.5 X TBE buffer. E: Lane M:
MWMII; lane 1 - 15: KE 1; KE 2; KE 3; KE 4; KE 5; KE 6; KE 7; KE 8; KE 9; KE 10;
KE 11; KE 12; KE 13; KEl 4; KE 15. F: Lane M: MWMII; lane 2 - 15: KE 16; KE 17;
KE 18; KE 19; E. coli (XL I-Blue); KE 20; KE 21; KE 22; KE 23; KE 24; KE2 5; KE
26; KE 27; KE 28; KE 29.
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Table 3.9. Scores of the bands generated with primer MBPZ-3
Strain Band Letter
A B C D E F G H IJKLMN 0 PQRSTUV
KEl 0 0 0 1 1 0 0 1 0 0 1 1 0 1 0 1 1 010 1 1
KE2 0 0 0 0 0 1 1 J 1 0 J 0 0 I I 1 0 o 1 0 1 1
KE3 0 0 0 1 0 1 0 1 0 0 1 1 0 1 0 1 J o 1 0 1 1
KE4 0 0 0 1 0 1 o 1 o 0 1 0 0 1 0 0 J 1 0 1 J 1
KE5 0 0 1 1 0 0 1 1 o 1 J 0 0 1 0 1 1 0 0 0 1 1
KE6 0 0 0 1 0 1 o 1 o 0 0 0 1 1 1 1 1 0 0 III
KE7 0 0 0 1 0 1 o 1 o 0 0 0 1 1 J 1 1 0 0 III
KE8 0 0 0 1 0 1 o 1 o 0 0 0 0 1 1 0 J 0 0 101
KE9 0 0 0 1 0 1 o 1 o 0 0 0 0 1 1 0 J 0 0 III
KElO 0 0 0 l 0 1 o 1 o 0 0 0 0 1 1 0 1 0 0 III
KEll 0 0 0 0 0 0 o 1 o 0 1 0 0 0 1 1 0 1 0 o 1 1
KE12 0 0 0 I 0 1 J 1 o 0 0 0 0 1 1 1 1 o 0 l 0 1
KE13 0 0 0 0 0 0 1 1 o 1 I 0 0 1 1 1 0 o 1 1 0 l
KEl4 0 0 0 1 1 0 1 J o 0 0 1 1 0 J 1 0 I 1 1 J l
KEl5 0 0 0 1 1 1 1 0 1 0 0 J 1 1 1 1 0 1 0 101
KE16 0 1 0 l l 0 o 0 o 0 0 I 1 1 1 1 0 o 1 100
KE17 0 0 0 1 1 0 o 0 o 0 0 0 1 1 0 1 0 o 1 1 1 0
KEl8 0 0 0 1 1 0 o 0 o 0 0 0 1 1 0 1 0 o 1 1 1 0
KEl9 0 0 0 1 0 1 o 1 o 1 0 0 1 1 1 0 0 o 0 o 1 l
KE20 0 0 0 0 0 0 o 0 o 0 0 0 J 1 0 1 0 o 0 010
KE2l 0 0 0 0 0 0 o 0 o 1 1 0 1 1 1 J 0 1 0 0 10
KE22 0 0 J 1 1 0 o 1 o 0 1 0 0 1 J 0 1 1 0 o 1 I
KE23 0 0 0 1 0 0 o 0 o 1 1 0 J 1 0 0 010 010
KE24 0 0 0 1 0 0 o 1 o 0 0 1 J 1 1 0 110 101
KE25 0 0 0 1 0 1 1 1 o 0 0 0 1 1 0 1 110 III
KE26 1 0 I 1 1 1 J 1 o 0 0 0 0 1 0 0 J 0 0 1 1 1
KE27 1 0 l l 1 1 1 1 o 0 0 0 0 1 0 0 100 III
KE28 1 0 1 1 1 0 1 l o 0 0 0 0 1 0 0 100 III
KE29 0 0 0 0 0 0 o 0 o 0 0 0 1 1 0 0 o 0 1 000
E. coli 0 0 0 0 0 0 o 0 o 0 0 0 1 1 0 1 o 0 0 010
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Table 3.10. Distance matrix of streptococcal isolates generated with primer MBPZ-3
KE I KE2 KE 3 KE4 KE5 KE6 KE7 KE8 KE9 KEIO KEII KE I2 KE I3 KE I4 KEI5 KEI 6 KEI 7 KE I8 KE I9 KE20 KE21 KE22 KE23 KE24 KE25 KE26 KE27 KE28 KE29 E. coli
0 KE I
9 0 KE2
4 7 0 KE 3
8 9 4 0 KE4
8 5 4 4 0 KE5
6 II 6 4 6 0 KE6
7 6 11 6 4 6 0 0 KE7
~ 8 11 6 2 6 2 2 0 KE8
} 8 11 6 2 6 2 2 0 0 KE9
10 8 II 6 2 6 2 2 0 0 0 KEI
11 9 4 7 7 7 7 7 7 7 7 0 KEI
12 7 10 5 3 5 I I I I I 6 0 KEI
13 9 4 7 9 5 I I II II II 11 6 10 0 KEI
14 7 8 9 l3 9 11 II 11 II II 8 10 8 0 KEI
15 7 10 9 l3 9 II 11 11 11 11 10 10 6 2 0 KEl
16 6 11 10 l a 10 6 6 8 8 8 7 7 11 7 7 0 KEI
17 8 7 10 la 6 10 10 la 10 10 9 9 7 9 9 l a 0 KEI
18 9 8 9 9 5 9 9 9 9 9 10 8 8 10 10 11 I 0 KEI
19 7 4 7 7 5 I I II 9 9 9 6 10 4 8 8 II 5 6 0 KEI
!O 9 6 II II 9 11 11 11 11 11 6 10 8 8 10 9 3 4 6 0 KE2
!l 8 7 8 10 8 10 10 10 10 l a 7 9 7 9 9 12 4 5 5 5 0 KE2
!2 6 II 8 8 10 8 8 6 6 6 9 7 11 7 7 la 8 9 7 9 6 0 KE2
!3 7 10 9 l3 II II 11 13 13 l3 8 12 8 l a 8 7 7 8 8 8 5 9 0 KE2
!4 2 7 6 8 8 6 6 8 8 8 7 7 7 9 9 8 6 7 5 7 6 6 7 0 KE2
!5 9 8 II 9 9 II 11 9 9 9 12 10 8 12 10 II 5 6 6 8 7 7 10 7 0 KE2
!6 8 11 10 8 10 la la 8 8 8 13 9 11 9 9 la 10 11 9 11 12 10 15 10 7 0 KE2
!7 8 II 10 8 10 10 10 8 8 8 13 9 II 9 9 10 10 11 9 11 12 10 15 10 7 0 0 KE2
!8 7 12 9 7 9 9 9 7 7 7 12 8 10 8 8 9 9 10 8 10 11 9 14 9 8 I I 0 KE2
!9 6 7 8 8 10 10 la 8 8 8 7 9 9 9 11 10 6 7 5 5 6 6 9 4 7 10 10 9 0 KE2
lfi 9 10 11 9 13 II 11 9 9 9 8 10 12 12 14 11 7 8 8 4 7 7 10 7 8 11 II 10 3 0 E.co
KEI KE2 KE3 KE4 KE5 KE6 KE7 KE8 KE9 KEIO KEII KEI2 KEl3 KE14 KE15 KE16 KEI 7 KEI8 KE19 KE20 KE21 KE22 KE23 KE24 KE25 KE26 KE27 KE28 KE29 E. coli
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Table 3.11. Euclidean distance between RAPD band patterns for streptococci generated with primer MBPZ-3
KE! KE2 KE3 KE4 KE5 KE6 KE7 KE8 KE9 KE IO KE! ! KEI2 KE13 KE!4 KEI5KE!6 KE!7 KE!8 KE!9 KE20 KE2 1 KE22 KE23 KE24 KE25 KE26 KE27 KE28KE29 E. coli
! 0 KE!
2 69 0 KE2
3 33 58 0 KE3
A 62 75 36 0 KE4
5 57 45 33 36 0 KE5
6 46 79 46 36 46 0 KE6
7 46 79 46 36 46 0 0 KE7
8 62 85 50 22 50 20 20 0 KE8
9 62 85 50 22 50 20 20 0 0 KE9
10 62 85 50 22 50 20 20 0 0 0 KEl
II 75 50 64 70 64 64 64 70 70 70 0 KEI
12 54 77 42 30 42 10 10 11 11 II 60 0 KEI
13 64 40 54 69 42 73 73 79 79 79 60 71 0 KEl
!4 50 62 60 81 60 69 69 73 73 73 67 67 57 0 KE!
15 47 67 56 76 56 65 65 69 69 69 71 63 43 15 0 KEl
16 46 79 67 71 67 46 46 62 62 62 64 54 73 50 47 0 KEl
17 62 64 71 77 50 71 71 77 77 77 82 69 58 64 60 71 0 KEl
18 64 67 64 69 42 64 64 69 69 69 83 62 62 67 63 73 11 0 KEl
19 58 44 58 64 45 79 79 75 75 75 67 77 40 62 57 79 50 55 0 KEl
20 75 67 85 92 75 85 85 92 92 92 75 83 73 67 71 75 38 44 67 0 KE2
2! 57 58 57 71 57 67 67 71 71 71 64 64 54 60 56 75 36 42 45 50 0 KE2
22 46 79 57 62 67 57 57 50 50 50 75 54 73 50 47 67 62 64 58 75 46 0 KE2
23 50 71 60 81 69 69 69 81 81 81 67 75 57 63 50 50 54 57 62 67 38 60 0 KE2
24 20 64 50 67 62 50 50 67 67 67 70 58 58 64 60 62 55 58 50 70 50 50 54 0 KE2
25 60 62 69 64 60 69 69 64 64 64 86 67 57 71 59 69 42 46 50 67 50 50 63 54 0 KE2
26 53 73 63 57 63 63 63 57 57 57 87 60 69 56 53 63 67 69 64 79 71 63 79 67 47 0 KE2
27 53 73 63 57 63 63 63 57 57 57 87 60 69 56 53 63 67 69 64 79 71 63 79 67 47 0 0 KE2
28 50 80 60 54 60 60 60 54 54 54 86 57 67 53 50 60 64 67 62 77 69 60 78 64 53 8 8 0 KE2
29 60 78 73 80 83 83 83 80 80 80 88 82 82 75 79 83 67 70 63 71 60 60 75 50 64 77 77 75 0 KE2
oli 82 100 92 90 100 92 92 90 90 90 100 91 100 92 93 92 78 80 89 67 70 70 83 78 73 85 85 83 60 0 E.co
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Figure 3.8. Genetic relationship between 29 streptococcal isolates and one Escherichia
100
coli strain as established by cluster analysis of RAPD patterns obtained with primer
MBPZ-3. The dendogram was generated by the unweighted pair group method with
arithmetic means.
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Genetic relationships, generated by UPGMA-neighbour joining computer software
(section 3.2.6), among the 26 RAPD patterns obtained with MBPZ-3 are represented in
the dendogram shown in Fig. 3.8. The 26 RAPD patterns clustered into two groups,
group I and group Il (Fig. 3.8) of isolates with 88% to 98% dissimilarity among them.
Three clusters, A (12 isolates), B (3 isolates) and C (3 isolates), with 10 % to 75%
dissimilarity, were identified within group 1. Another two clusters, D (7 isolates), E (4
isolates), with 73% to 88% dissimilarity, were identified within group n. Cluster A
contained seven isolates ofS. agalactiae and five isolates of S. pyogenes (fig. 3.8 group I
cluster A). Cluster B of group I contained isolates of S. agalactiae only but not all them
and cluster C of the same group contained three isolates, three of which S. pyogenes and
the othe one was Enterococcus faecalis (fig 3.8 group I cluster C). The two isolates ofS.
pyogenes found in clusre C of group I are closely related (25% dissimilar) where as E.
faecalis is not since it only 20% similar (80% dissimilarity) to S. pyogenes in cluster C
(fig. 3.8 group I cluster C). KE 6 and KE 7, KE 8, KE 9, and KE 10 of group I cluster A
showed 100% homology. KE 26 and KE 27 of group I, cluster B, showed 100%
homology. This means that RAPD analysis using MBPZ-3 exhibits KE 6 and KE 7,
representing the same strain of Streptococcus agalactiaee, KE 8, KE 9, and KE 10
representing another strain of Streptococcus agalactiae and KE 26 and KE 27
representing yet another strain ofStreptococcus agalactiae.
Three isolates of group Il, cluster D were isolates ofS. agalactiae, two were isolates of
S. constellatus (67% similarity), one was E. enterococcus and the last one was S.
pyogenes (fig. 3.8 group Il clusre D). Two isolates of group Il, cluster E were isolates of
S. pyogenes and the other two were isolates ofS. dys. equisimilis (fig. 3.8 group Il clusre
E). One of the S. pyogenes isolates (KE 19) apperared to be more related to S. dys.
equisimilis (55% similarity) that to the other isolate (KE 11) of S. pyogenes (45%
similarity). This was not expected to happen.
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Escherichia coli could not be grouped in any of the two groups (I and H). MBPZ-3
exhibits Escherichia coli as an "out group", meaning that Escherichia coli is a different
genus.
RAPD analysis obtained with all three primers showed no differences between KE 26
and KE 27 (Table 3.5,3.8, and 3.11 and Fig. 3.4, 3.6, and 3.8). There were no differences
obtained between KE 6 and KE 7, with MBPZ-1 exhibiting 100% homology and MBPZ-
3 (Table 3.5 and 3.11 and Fig. 3.4 and 3.8). MBPZ-2 exhibited a high percentage of
similarity, 92% between these isolates (Table 3.8 and Fig. 3.6), suggesting that KE 6 and
KE 7 did not represent the strain of Streptococcus agalactiae since only differences of
any RAPD analysis that can be concluded (Tenover et aI., 1997). This diversity is caused
by a third smallest band that exists in KE 6, but not in KE 7 (Fig. 3.4).
The results obtained with primer MBPZ-3 showed 100% similarity between KE 8, KE 9
and KE 10. Primer MBPZ-1 showed 100% similarity between KE 9 and KE 10 only, but
82% similarity between KE 8 and KE 9, and KE 8 and KE 10 likewise, 60% to 70%
similarity was obtained with primer MBPZ-2. This suggests that KE 9 and KE 10 belong
to the same strains ofStreptococcus agalactiae, and KE 8 is a closely related strain to KE
9 and KE 10. These results suggest that isolates that have the same RAPD patterns are
actually the same species obtained from different individuals. The isolates that share the
same RAPD cluster may have originated from a common ancestor (Martinez et aI., 2000;
and C1ifford and Stephenson, 1975).
Each of the primers divided the isolates into two groups, group I and group H. However,
some isolates that clustered in group I with one primer did not necessarily cluster in the
group I when analyzed with a different primer (Figures 3.4, 3.6, and 3.8). Thirteen of 25
(52%) isolates ofMBPZ-1 group I were in MBPZ-2 group I, 18 of25 (72%) isolates of
MBPZ-1 group I were in MBPZ-3 group I, and 13 of18 isolates (72%) ofMBPZ-2 group
I were in MBPZ-3 group 1. This suggests that not all isolates were differentiated from
each other.
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Most of the isolates of the same species that had the same antibiotic relations (Table 2.3)
were grouped or clustered together by all three primers. Isolates of S. agalactiae which
were all resistant to penicillin G (Fig. 2.1 and Table 2.2) clustered together in one cluster
(Fig. 3.6 group II cluster C) when analyzed by primer MBPZ-2, they also clustered
together in one cluster except one isolate KE 12, which appeared in a different cluster but
ofthe same group (fig. 3.4 group I clusters A and B). Two ofthe three suceptable isolates
of S. pyogenes (Table 2.2) were also clustered in one cluster (fig. 3.4 group I cluster A
and fig. 3.8 group I cluster A). Both MIC results and RAPD analysis of streptococcal
isolates and entirococci suggests that all three primers used in this study are both
discriminative and informative. This is evident from the fact that isolates of the same
species and antibiotic relation were mostly grouped or clustered together.
The present work used RAPD analysis to study 29 of human streptococcal isolates from
South Africa, Durban Metro area, KwaZulu-Natal. In general, high genetic diversity was
found. A possible explanation for this diversity is that different isolates originated from
different humans, although unlikely, it is possible that these specimens were mislabelled
in the past, or that that there was a contamination or laboratory error.
Analysis by RAPD-PCR demonstrated good discriminatory power, despite some lack of




(PFGE) ANALYSIS OF STREPTOCOCCAL ISOLATES
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ABSTRACT
The genetic diversity of29 streptococcal isolates in KwaZulu-Natal, Durban Metro area,
South Africa, was evaluated by pulsed-field gel electrophoresis (PFGE) of genomic DNA
restricted with SmaI. The method was highly discriminative, results were reproducible
and the PFGE patterns were easy to interpret. Among all the streptococcal isolates, 24
different PFGE patterns were observed. The 24 PFGE patterns were divided into three
groups (1, II and Ill) of isolates with an average of 85% dissimilarity (15% homology)
among them. At 25% homology, four clusters, A (13 isolates), B (9 isolates), C (4
isolates) and D (4 isolates) were obseved. Two pairs of isolates (KE 6 and KE 7, and KE
14 and KE 15) of group I, cluster A, showed 100% homology. This suggested that KE 6
and KE 7 represent the same strain of Streptococcus agalactiae and KE 14 and KE 15
represent the same strain of Streptococcus pyogenes. Four isolates (KEI9, KE25, KE26,
and KE27) of group I, cluster B, also exhibited 100% homology. The ease with which
this analysis can be performed, together with the clarity and the polymorphism seen in
the patterns, suggests that this technique will be very useful for epidemiological
evaluations ofnosocomial streptococcal infections.
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4.1 INTRODUCTION
Molecular techniques have received increasing attention as a means of analyzing
epidemiological interrelationships, thus leading to use of the term "molecular
epidemiology" (George, 1993). Since chromosomal DNA is the fundamental molecule of
cellular identity, there has been particular interest in assessing chromosomal similarity as
a measure ofepidemiological relatedness.
One attractive approach has been to digest chromosomal DNA with restriction enzymes,
which recognize numerous sites within the bacterial chromosomal DNA, resulting in a
series of different-sized fragments that form patterns when comparatively analyzed by
agarose gel electrophoresis. In this context, differences in fragment patterns are
commonly referred to as restriction fragment length polymorphism (RFLP) (Tenover et
al., 1997).
With such enzymes, restriction digestion of DNA from different bacterial isolates results
in hundreds of fragments ranging from ~0.5kb to 50kb in length, that are too numerous to
compare accurately after conventional agarose gel electrophoresis. Even though different
strains of the same bacterial species have different RFLP profiles, restriction fragments
produced by these enzymes would be still difficult to analyze (Tenover et al., 1997; and
Maslow, 1993).
Conventional agarose gel electrophoresis is unidirectional, constantly "pulling" DNA
molecules (which are negatively charged) through an agarose matrix towards a fixed
positive charge. Under these conditions, DNA molecules < 40 to 50 kb in size migrate
through the gel in a size-dependent fashion. This is not the case with DNA molecules
greater than 40 to 50 kb in size, which exhibit aberrant, size-independent, electrophoretic
migration that may relate to a longitudinal orientation of molecules in the agarose matrix.
This is called reptation (Georing et al., 1993).
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In contrast, PFGE is multidirectional, continually changing the location of the positive
charge. The DNA molecules respond continually, re-orientating their direction of
migration through the agarose gel matrix (Chu et al., 1986; Carle et al., 1986; and
Schwartz and Cantor, 1984).
In addition, electrical pulses of different duration favour the re-orientation of different-
sized DNA molecules. Longer pulse times favour the re-orientation of larger molecules
and vice versa (George, 1993; Carle et al., 1986; Schwartz and Cantor, 1984; and Chu et
al., 1986). By varying both the direction and the duration of the electric field, PFGE
allows the resolution of DNA molecules well over 1000kb (mega-base pairs) in length
(Maslow, 1993).
There are disadvantages associated with PFGE. These include the technical demands of
the procedure and the initial cost of the equipment, as mentioned previously (section lA).
4.2 MATERIALS AND METHODS
Isolation of intact chromosomal DNA is a prerequisite for reproducible generation of
restriction fragments by rare-cutting restriction endonucleases. Thus, for analysis by
PFGE, chromosomal DNA is commonly prepared by the in situ lysis of cells embedded
in agarose blocks or plugs. This provides an environment where molecules of
chromosomal DNA are protected from molecular shearing forces and allow the
reproducible generation of mega-base sized restriction fragments.
4.2.1 Preparation of Agarose Embedded Bacterial DNA
4.2.1.1 Lysis (Day 1)
Bacterial cultures (Table 2.1) were inoculated into 5ml TSB and grown to an OD6oonm of
between 0.6 and 0.8 at 37°C in a 5% CO2 atmosphere. When the desired OD was reached,
1 ml of the bacterial culture was harvested by centrifugation at 4°C, at 14 500 rpm for 5
minutes, using a Sigma Centrifuge, and the supematant discarded. The pellet was
resuspended in 1 ml of ice-cold PIV solution (100 mM Tris-HCI and 1 M NaCl). This
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suspension was centrifuged under the same conditions, the supematant removed and,
depending on the size of the pellet, the cell suspension was resuspended in a volume
between 300JlI and 1000JlI of PIV solution. The OD578 values of bacterial suspension
were then determined, by diluting the suspension 100 times (10JlI of bacterial suspension
was mixed with 990JlI PIV). The OD578 values were adjusted to be between 0.01 and
0.025, using PIV solution. PIV was also used as a blank.
Low Melting Point (LMP) agarose (1.2%) was prepared by dissolving LMP agarose
particles in PIV solution and bringing to boil in a 100°C water bath and thereafter
equilibrated at 50°C.
The agarose plugs were prepared by mixing 50JlI of 1.2% LMP agarose with 50 JlI of the
cell suspension. The cells-agarose mixture, termed an agarose plug, was kept at 50°C and
then transferred into plug molds. The agarose plug was allowed to solidify in plug molds.
This step was expedited by placing the molds containing the cells-agarose mixture at -
20°C for 15min and then at 4°C for a further 20 min. The agarose plugs were transferred
into sterile microfuge tubes containing lysis solution (lM NaCl, 100mM EDTA, 6mM
Tris-HCI, pH 8.0, 0.5mg/ml N-laurolysarcosin, 60Jlg/ml RNaseA, IOug/ml lysozyme,
and l Oug/ml mutanolysin). The microfuge tubes containing lysis buffer and agarose
plugs were incubated for 24 hours at 37°C in a water-bath, to facilitate lysis.
4.2.1.2 Deproteinization (Day 2)
After 24 hours oflysis at 37°C, lysis solution was aspirated out with a pipette, autoclaved
and discarded. The agarose plugs were washed twice for 30 min in 1ml ofES buffer (0.5
M EDTA, pH 9.0,0.1 mg/ml N-laurylsarcosin). After the second wash, the agarose plugs
were deproteinized in 1 ml of ESP solution (ES buffer containing 1 mg/ml proteinase K)
by incubating at 50°C for overnight in a water bath.
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4.2.2 Digestion Using Restriction Endonuclease
The choice of restriction enzyme for this purpose depends on the frequency of the
enzyme recognition sites on the chromosomal DNA. As a group, gram-positive bacteria
contain chromosomal DNA rich in adenine (A) and thymine (T). Restriction enzymes
that recognize sequences rich in guanine (G) and cytosine should be used (section 1.4).
4.2.2.1 Digestion of Plugs Using Restriction Endonuclease SmaI (Day 3)
After overnight of deproteinization (incubation at 50°C) the ESP solution was removed.
Agarose plugs were transferred into sterile test tubes containing 14ml of TE buffer
(lOmM Tris-HCI, 1mM EDTA, pH7.5). Agarose plugs were washed twice for 30 min
each time in this buffer. After each wash, TE buffer was slowly poured out of each test
tube into a clean petri dish in order to retain the agarose plug in the test tube. In case an
agarose plug was transferred into a petri dish, the buffer was gently poured from this petri
dish into another petri dish, thereby retaining a plug in the first dish. The plug was then
transferred into the original tube with a glass spatula. This had to be done very carefully,
because the plugs are almost transparent. After the second wash, 1 ml of the laboratory
prepared SmaI buffer (3.3 mM Tris-acetate, 1mM magnesiun-acetate, potassium-acetate
and 0.5mM Dithiothreitol (DTT), pH 7.9) was aliquated into 15 2 ml reaction tubes. The
blocks were then transferred into the reaction tubes containing laboratory prepared SmaI
buffer and equilibrated at room temperature for 30 min. The buffer was then removed by
aspiration first with blue tips, then with yellow tips. Next, 60JlI of restriction digestion
solution (720JlI sterile distilled water (sdH20 ); 80 JlI of buffer A; and 25 JlI of 10 D/JlI
SmaI) containing the added to each of the 2 ml microfuge tubes containing agarose plug
and incubated at 25°C for 20 hours.
4.2.3 Separation of Restriction Fragments by Pulsed-Field Gel Electrophoresis
After 20 hours of digestion, 60JlI of loading buffer (200mg Na2-EDTA, 20g sucrose,
15mg Bromophenol Blue in 50ml dH20 ) was added to each reaction tube containing the
restriction digest.
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A 1% agarose gel containing ethidium bromide was added, to reach a fmal concentration
of 0.5!J.g/ml was prepared. Agarose plugs were cut quadratically, transferred to the wells
of the gel, and sealed with 1% pulsed field certified agarose (Bio Rad) and allowed to
polymerize for 10 to 15 minutes.
The agarose plugs were electrophoresed in the 1% agarose gel (Bio Rad) with buffer TBE
(89mM Tris-HCI, 89mM borate, OAmM EDTA [pH 804]), using a cantour-clamped
homogeneous electric field (CHEF DRill, Bio-Rad Laboratories) (Chatellier et al., 1999).
Pulse times were ramped from 1 to 18 seconds over 18 hours at 6 V/cm and 120°
included angle. PFGE patterns were detected with a DV transilluminator. Staphylococcus
aureus 8325 NCTC obtained from the Institut fur Medizinische Mikrobiologie und
Immunologie, Bonn Univesitat was used as a standard marker. After electrophoresis and
staining in ethidium bromide, the resulting restriction endonuclease digestion profiles
were recoded by scoring presence and absence of bands, denoted by 1 and 0,
respectively, and analyzed by Euclidean Distance (ED) as a dissimilarity measure.
Euclidean distance measure discards negative matches between pairs of isolates and
provides a more accurate picture of relatedness (Abbott et al., 1995). Euclidean distance
measure is described by DiAB = --J(aA - aBi + (bA - bB)2, where DiAB is the shortest
distance between species A and B, aA is a band that exists in species A, aB is a band that
exists in species B, bA is a band that exists in species A and bB is a band that exists in
species B.
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4.3 RESULTS AND DISCUSSION
4.3.1 Genetic diversity of streptococcal isolates as defined by PFGE.
The reproducibility of the PFGE patterns was established by repeated testing of four
isolates, selected from the panel of 29 isolates, on separate occasions and different gels.
All such tests yielded identical PFGE patterns, suggesting suitability of the PFGE (Fig.
4.1).
A
I 1 2 3 4
B
Figure 4.1. The reproducibility of the PFGE patterns obtained by digestion using
restriction endonuclease Smal. Lanes: 1 - 4; contain KEl to KE 4. A and B represent two
independent experiments, respectively.
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4.3.2 Genetic diversity of streptococcal isolates as defined by PFGE
PFGE patterns of genomic DNA from streptococcal isolates digested with Smal, were
characterized by 7 to 16 restriction fragments (fig. 4.2A, lanes 2 and 13). Among the 29
streptococcal isolates, 24 PFGE patterns were identified. The genetic relationships,
generated by UPGMA-neighbour joining computer software (section 3.2.6), between the
29 isolates of streptococcus are presented in the dendogram (fig. 4.3) and table (Table
4.3) and they diverged by up to 93% (7% homology). At about 15% homology, three
groups, I, 11, and Ill, were identified. A 25% homology, four clusters, A to D, were
observed (fig. 4.3).
A
M Ii 2 3 4 5 6 7 8 9 10 11 12 13 14 I
B
fi2l M 3 4 5 6 7 8 9 10 11 12 13 14
Figure 4.2. Smal microrestriction patterns of streptococcal isolates analyzed by PFGE on
a 1% pulsed field certified agarose stained with ethidium bromide. (A) Lane M, S.
aureus; lane 1 - 14: KE; KE7; KE28; KE8; KE9; KEl1; KE17; KE18; KE19; KE22;
KE25; KE26; KE27; and KE24. (B) Lane 1 - 2, KEl; KE2; lane M, S. aureus; lanes 3-14,
KE3; KE4; K5; KElO; KE12; KE13; KE14; KE15; KE16; KE20; KE21; and KE23.
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Table 4.1. Scores of the fragments produced with restriction enzyme SmaI
Strain Band Letter
A B C D E F G H I J K L M N 0 p Q R
KEl 1 1 0 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0
KE2 1 1 1 1 0 1 1 1 0 1 1 1 0 1 1 1 0 0
KE3 1 0 1 1 0 1 0 1 1 0 0 0 0 1 1 0 0 0
KE4 1 0 1 1 0 0 0 1 1 0 0 0 0 1 1 0 0 1
KE5 1 1 1 0 0 0 1 0 1 0 1 1 1 0 1 1 1 0
KE6 1 1 o 0 0 0 1 0 0 0 1 1 0 0 1 0 1 0
KE7 0 1 o 0 0 0 1 0 0 0 0 1 0 0 1 1 1 0
KE8 1 1 o 0 0 0 1 0 0 0 0 0 1 1 1 0 1 0
KE9 1 1 o 0 0 0 1 0 0 0 0 1 1 1 1 0 1 0
KElO 1 1 1 0 0 0 0 1 0 0 0 0 1 0 0 1 1 0
KEll 1 0 1 1 0 1 1 0 1 0 1 1 1 1 0 0 0 1
KE12 1 1 o 0 0 0 1 0 0 0 0 1 1 1 0 1 0 0
KE13 1 1 1 0 1 1 1 0 0 1 0 1 0 1 0 1 0 0
KEl4 1 1 1 0 0 0 1 0 0 1 0 0 0 1 0 0 0 1
KEl5 1 1 1 0 0 0 1 0 0 1 0 0 0 1 0 0 0 1
KEl6 1 1 1 1 1 1 0 1 0 1 0 0 0 1 1 1 1 0
KEl7 1 1 1 0 0 0 0 1 1 0 0 0 1 1 1 0 1 0
KEl8 1 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0
KEl9 1 1 1 0 1 0 0 1 0 0 0 1 0 1 0 1 0 0
KE20 1 1 1 1 1 1 0 1 0 0 1 0 1 1 0 1 1 0
KE2l 1 1 1 0 0 0 1 0 0 0 1 0 1 1 0 0 1 1
KE24 1 0 o 0 0 0 0 0 1 0 1 0 1 1 1 0 1 1
KE23 1 1 o 1 0 1 0 0 0 0 0 0 1 1 0 0 1 1
KE28 1 1 o 0 0 0 1 0 0 0 1 0 1 1 1 0 1 1
KE22 1 0 1 1 0 1 1 L 0 0 0 1 1 1 1 0 1 1
KE25 1 1 1 0 1 0 0 1 0 0 0 1 1 1 0 1 0 0
KE26 1 1 1 0 1 0 0 1 0 0 0 1 1 1 0 1 0 0
KE27 1 1 1 0 1 0 0 1 0 0 0 1 1 1 0 1 0 0
KE29 1 0 o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
s. 1 1 o 0 0 1 0 1 1 0 0 1 1 1 1 1 0 0
aureus
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Table 4.2. Matrix of correlation coefficients between the Euclidean distances generated with restriction enzyme SmaI
KEI KE2 KE3 KE4 KES KEG KE7 KES KE9 KEIO KE I I KE I2 KE I3 KE I4 KEIS KEI GKETH :Els KEI 9 KE20 KE2 1 KE22 KE2 3 KE24 KE2S KE2GKE2 7 KE2S KE2 9
0 KEI
G 0 KE2
II 7 0 KE3
13 9 2 0 KE4
G S 11 I I 0 KES
7 7 12 12 3 0 KEG
7 7 12 12 3 0 0 KE7
10 10 9 9 6 5 5 0 KES
9 9 10 10 5 4 4 I 0 KE9
) 10 10 9 9 6 7 7 6 7 0 KEI0
I 10 8 7 7 8 II II I 9 12 0 KEll
Z 10 8 11 11 6 5 5 4 3 6 8 0 KEI2
; 9 5 10 12 9 8 8 9 8 9 9 5 0 KE 13
l 14 8 9 7 10 9 9 6 7 8 8 6 5 0 KE14
14 8 9 7 10 9 9 6 7 8 8 6 5 0 0 KE15
7 5 6 8 10 10 10 9 10 7 13 11 6 9 9 0 KE16
10 10 5 5 6 9 9 4 5 4 10 8 11 8 8 7 0 KE17
14 10 7 7 8 7 7 4 5 4 10 6 7 4 4 7 4 0 KEI8
10 8 9 9 8 9 9 8 7 4 10 4 5 8 8 7 6 6 0 KE19
7 7 8 10 9 10 10 9 10 5 9 9 8 11 11 4 7 7 5 0 KE20
12 10 11 9 6 7 7 4 5 6 6 6 9 4 4 11 6 4 8 7 0 KE21
11 13 8 6 7 8 8 5 6 9 7 9 14 9 9 12 5 7 II 10 5 0 KE22
11 11 8 8 11 10 10 5 6 7 7 7 10 7 7 8 7 5 9 6 5 6 0 KE23
10 10 11 9 6 5 5 2 3 8 8 6 11 6 6 11 6 6 10 9 2 3 5 0 KE24
9 7 6 6 9 10 10 7 6 9 5 9 10 9 9 8 7 9 9 8 7 8 6 7 0 KE25
10 8 9 9 8 9 9 8 7 4 10 4 5 8 8 7 6 6 0 5 8 11 9 10 9 0 KE26
10 8 9 9 8 9 9 8 7 4 10 4 5 8 8 7 6 6 0 5 8 11 9 10 9 0 0 KE27
10 8 9 9 8 9 9 8 7 4 10 4 5 8 8 7 6 6 0 5 8 11 9 10 9 0 0 0 KE28
14 12 7 7 10 7 7 6 7 6 10 6 9 6 6 11 8 4 8 11 8 7 7 8 11 8 8 8 0 KE29
KEl KE2 KE3 KE4 KE5 KE6 KE7 KE8 KE9 KEIO KEII KEI2 KE13 KE14 KE 15 KE16 KE17 KEI8 KEI9 KE20 KE21 KE22 KE23 KE24 KE25 KE26 KE27 KE28 KE29
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Table 4.3. Euclidean distance between restriction fragment patterns for streptococci produced with restriction enzyme SmaI
KEl KE2 KE3 KE4 KE5 KE6 KE7 KE8 KE9KEfbKE l l KEI2KEI3 KEI4 KE15 KEI6 KEl7 KE1 8 KE1 9 KE20 KE21 KE22 KE23 KE24 KE25 KE26 KE27 KE28 KE29
KEI 0 KEI
KE2 35 0 KE2
KE3 65 50 0 KE3
KE4 72 60 22 0 KE4
KE5 38 50 73 73 0 KE5
KE6 47 50 86 86 27 0 KE6
KE7 47 50 86 86 27 0 0 KE7
KE8 63 67 75 75 50 50 50 0 KE8
KE9 56 60 77 77 42 40 40 13 0 KE9
KEJO 63 67 75 75 50 64 64 60 64 0 KElO
KElI 56 50 54 54 53 73 73 71 64 80 0 KElI
KEI2 63 57 85 85 50 50 50 44 33 60 62 0 KEI2
KE13 53 36 71 80 60 62 62 69 62 69 60 45 0 KEI3
KE14 78 57 75 64 71 75 75 60 64 73 62 60 45 0 KE14
KEI5 78 57 75 64 71 75 75 60 64 73 62 60 45 0 0 KE15
KEI6 41 33 46 57 65 67 67 64 67 54 72 73 43 64 64 0 KE16
KEI7 59 63 45 45 46 69 69 40 45 40 67 67 73 67 67 50 0 KE17
KEI8 82 71 70 70 67 70 70 50 56 50 77 67 64 50 50 58 44 0 KE18
KE19 59 53 69 69 57 69 69 67 58 40 67 40 42 67 67 50 50 60 0 KEI9
KE20 41 44 57 67 56 67 67 64 67 42 56 64 53 73 73 29 50 58 38 0 KE20
KE21 67 63 79 69 46 58 58 40 45 55 46 55 64 40 40 69 50 44 62 50 0 KE21
KE24 65 76 67 55 54 67 67 50 55 75 54 75 88 75 75 75 45 70 79 67 45 0 KE22
KE23 65 69 67 67 73 77 77 50 55 64 54 64 71 64 64 57 58 56 69 46 45 55 0 KE23
KE28 59 63 79 69 46 45 45 22 30 67 57 55 73 55 55 69 50 60 71 60 20 30 45 0 KE24
KE22 50 44 46 46 56 67 67 54 46 64 36 64 63 64 64 50 50 69 60 50 50 57 46 50 0 KE25
KE25 59 53 69 69 57 69 69 67 58 40 67 40 42 67 67 50 50 60 0 38 62 79 69 71 60 0 KE26
KE26 59 53 69 69 57 69 69 67 58 40 67 40 42 67 67 50 50 60 0 38 62 79 69 71 60 0 0 KE27
KE27 59 53 69 69 57 69 69 67 58 40 67 40 42 67 67 50 50 60 0 38 62 79 69 71 60 0 0 0 KE28
KE29 93 92 88 88 91 88 88 86 88 86 91 86 90 86 86 92 89 80 89 92 89 88 88 89 92 89 89 89 0 KE29
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Figure 4.3. Genetic relationship between 29 streptococcal isolates, established by
clustering analysis ofPFGE patterns obtained with restriction enzyme SmaI. The tree was
generated by the unweighted pair group method, with arithmetic means.
The present study shows that there is considerable polymorphism among PFGE patterns,
which is important since it allows the inference that isolates that have the same genomic
restriction pattern are likely to represent a single strain. PFGE analysis using SmaI as the
restriction enzyme divided the 29 streptococcal isolates into three groups (I, H, H). At
80% dissimilarity, group I was further divided into four clusters , A to D (Fig. 4.3) .
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Two pairs (KE 6 and KE 7, and KE 14 and KE 15) of the 22 isolates of group I,
belonging to cluster A, showed indistinguishable PFGE patterns (100% homology),
hence KE 6 and KE 7 were interpreted as representing a single strain of Streptococcus
pyogenes and KE 14 and KE 15 as representing a single strain of Streptococcus
agalactiae. Four (KE 19, KE 25, KE 26, and KE 27) of the 22 isolates of group I,
belonging to cluster B, showed indistinguishable PFGE patterns (100% homology) and
these isolates were interpreted as representing a single strain (fig. 4.2A, lanes: 9; 11; 12;
and 13, figA.3 and Table 4.3). This 100% homology was not expected among these four
isolates as they were initially identified as different species, except KE 26 and KE 27,
which were initially identified as Streptococcus agalactiae (Table 2.1). It is possible,
though unlikely that the specimens were mislabeled in the past, or that there was
contamination or laboratory error. KE 8 and KE 9 had identical PFGE patterns with 85%
homology, and they differed by only two bands (fig. 4.2A, lane 5 and lane 6, Fig. 4.3
[group I, cluster A] and Table 4.3).
Since isolates with identical restriction patterns are interpreted as representing the same
strain or a recent derivative (Murray et al., 1990), KE 8 and KE 9 from group I cluster A
represent one strain of Streptococcus agalactiae and KE 21 and KE 28 from group I
cluster A another strain. In group n, there were only four isolates (KE 3, KE 4, KE 11
and KE 22) with KE 3 and KE 4 showing 80% similarity between them, representing a
single strain. Isolates that were more than 75 % dissimilar represent a recent derivative.
Group III had only three isolates (KE1, KE2, and KE13) clustered together and there is a
considerable restriction fragment length polymorphism among them (Fig. 4.2B, lane land
2, and Fig. 4.3, group Ill). PFGE analysis using SmaI as a restrition enzyme manage to
group or cluster some of the isolates belonging to the same species together. To improve
or get even better results with this technique (pFGE) different rare restriction enzymes
should been used.
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FINAL DISCUSSION AND CONCLUSION
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It is important to be able to compare isolates of a particular species. This may be helpful
in epidemiological studies, in which the demonstration that different persons are infected
with a single strain would suggest that an outbreak had occurred, while the presence of a
different strain will point away from this (Murray et al., 1990). Comparing isolates may
also have clinical relevance for individual patients. For example, the demonstration that
the same strain is present in a post therapy urine culture has clinical and therapeutic
implications different from those of the demonstration ofdifferent strains.
In the past, bacteria have been compared by using phenotypic properties, including those
relating to biochemical reactions, antibiotic resistance, phage typing, bacteriocin typing
and serotyping (Table 1.1). Biotyping can be useful when multiple tests are done in a
standardized manner, such as with multilocus enzyme analysis (Hall et al., 1996), but
routinely available kits, such as API, are not usually sufficient, especially for organisms
which grow poorly or are largely non-fermentative. Some techniques may be useful for
only a limited number of species, some require individualized reagents for each species
or genus, some require a large number of individual assays, and some may not be
applicable to all members of a species (Bartie at al., 2000; Mhand et al., 1999; and Hall
et al., 1996).
Genotyping techniques have also been used to compare bacterial strains. One type of
analysis compares the total plasmids content of isolates. This technique is most useful
when there is a reliable and easy lysis method for the organism being investigated and
when there is a high copy number ofplasmid in all isolates examined (Tang et al., 2002;
Skoneman et al., 1997; Greenwood et al., 1995; Lietra et al., 1989; Walla et al., 1988;
and Hoimberg et al., 1984). Comparison of chromosomal digestion patterns, using the
same electrophoretic conditions as those used for plasmid analysis, have been performed
in epidemiological studies, but results typically show a large number of fragments that
are close together and may be difficult to analyse (Benson and Ferrieri, 2001). This
technique has been more successful when combined with hybridisation using a gene
probe to select a small number of fragments that generate more readily visible, and thus
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more easily compared, patterns (Vicki et al., 2000; Tenover et al., 1997; Maslow et al.,
1993).
The application ofPCR-based techniques has had a revolutionary impact on the diagnosis
of infectious diseases. Because these techniques have the ability to detect or allow
analysis of minute amounts of microbial DNA or RNA sequences, they have emerged as
a highly sensitive and specific method for identifying pathogens. The PCR-based RAPD
fmgerprinting technique of utilizing random oligonucleotides to prime DNA synthesis is
a particularly powerful typing method (Lin et al., 2001). Unlike the traditional PCR
analysis, which requires a specific knowledge of DNA sequences and the application of
target-specific sequences, RAPD analysis does not require any specific knowledge ofthe
DNA sequences of the target organism (Welsh et al., 1990). This makes it a tool of great
power and general applicability.
The most challenging aspect ofthe protocol for bacterial sub-typing by RAPD analysis is
the selection of suitable primers (Lin et al., 1996). In the present study, five isolates of
the entire panel of isolates were used to identify primers that are appropriate for
streptococcus typing. Using this approach, a total of four primers was examined for
suitability. Of these four primers, three proved to be very discriminatory for the RAPD
analysis of streptococcus isolates. The reliability of the RAPD analysis was confirmed by
the fact that most isolates of the same species were grouped together on dendograms (Fig.
3.4,3.6 and 3.8).
PFGE has been used to resolve very large DNA fragments generated from bacterial
genomic DNA using restriction endonucleases that have few recognition sites (Berthelot-
Herault et al., 2002; Vicki et al., 2000; Rolland et al., 1999; and Murray et al., 1990).
The choice of the restriction endonuclease depends on the G + C content of the organism
being studied as well as the recognition sequence of the enzyme. NotI, for example, has
an 8-base pair recognition sequence and cleaves E. coli chromosomal DNA an average of
25 times (Dunne et al., 2001; and Hall et al., 1996.). Restriction enzymes with GC rich
sequence such as SmaI, whose recognition sequence is CCCGGG, cleave E. coli
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chromosomal DNA numerous times, because E. coli has a GC-rich sequence. However,
SmaI cleaves organisms with a lower G + C content, such as staphylococci, enterococci,
and streptococci, less frequently. SmaI has been used for digestion in an epidemiological
investigation of streptococci (Berthelot-Herault et al., 2002; Allgaier et al., 2001; Vicki et
al., 2000).
The present study reports penicillin G resistance patterns of streptococcal isolates and the
application of the RAPD analysis, using primer MBPZ-3 and PFGE analysis (Table 5.1)
to the differentiation of the same streptococcal isolates from KwaZulu-Natal, Durban
Metro area, South Africa. Results obtained from RAPD analysis using primer MBPZ-3
were chosen from others, because MBPZ-3 outgrouped Eicoli from streptococcal isolates,
as was expected, since E coli belongs to a different genus.
The present study shows that there is considerable randomly amplified polymorphism
and restriction fragment length polymorphism among the streptococcal isolates, even
among isolates of the same species. For many species, comparitive studies indicate that
isolates that are indistinguishable by PFGE are unlikely to demonstrate substantial
differences by other typing techniques (Tenover et al., 1994; Olsen et al., 1994; Gordille
et al., 1993; Schoenmaker et al., 1992; Struelens et al., 1992; and Miranda et al., 1991).
In the present study the argument will be based more on PFGE analysis results than
RAPD analysis results.
Polymorphism is important, since it allows the inference to be made that isolates that
have the same banding patterns are likely to represent a single strain (Mayo et al., 2002;
Quale et al., 2001; Renders et al., 1996; Liu et al., 1995; and Murray et aI., 1990). Since
KE 6 and KE 7 exhibited 100% homology by both RAPD and PFGE analysis (Table 5.1)
and have the same penicillin G profile (Table 2.2) they can be interpreted as representing
a single strain of Streptococcus agalactiae. Also KE 26 and KE 27 exhibited 100%
homology by both RAPD and PFGE analysis (Table 5.1) and have the same penicillin G
profile (Table 2.2) they can be interpreted as representing a single strain ofStreptococcus
agalactiae.
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When PFGE patterns of isolates differ by changes consistant with a single genetic event,
i.e. changes resulting in two or three bands difference, like point mutation or
insertion/deletion of DNA, it can be concluded that such isolates are closely limited, at
least strains belonging to the same species (Tenover et al. , 1995). KE 9 and KE 10 can be
interpreted as closely related, or strains of Streptococcus agalactiae, KE 14 and KE 15
strains ofStreptococcus pyogenes, since they differ by two bands and they have the same
antibiotic relation (Table 2.2).
KE 21 and KE 28 were initially identified as two different species, Streptococcus
pyogenes and Streptococcus agalactiae. However, PFGE analysis exhibited them as
strains belonging to the same species (fig. 4.2 group I cluster A), since their PFGE
patterns differ only by two bands. These streptococcal isolates (KE 21 and KE 28) also
have the penicillin G relation (Table 2.2). The difference in banding patterns between
these isolates could be due to mutational gain of a restriction site, which split one
restriction fragment into two smaller fragments. It is possible that these strains were
mislabled in the past, or that a contamination occured, which resulting in them initially
being identified as different strains.
RAPD analysis using each primers exhibited KE 21 and KE 28 as different species. KE
21 was clustered with S. pyogene and KE 28 was also always associated with S.
agalactiae when characterized by RAPD analysis. Since only differences of species can
be concluded, results obtained with RAPD analysis with regards to these two isolates are
more conclusive than the one obtained by PFGE analysi.
Isolates (KE3 and KE4), whose PFGE patterns differed by changes consistent with two
independent genetic events (i.e. four to six restriction bands) were considered possibly to
be related species. However, since these isolates were initially identified as different
species, have different penicillin G relations (Table 2.2) and also exhibited as different
isolates by RAPD anlysis it means that KE 3 and KE 4 are not the strains of the same
species. Isolates whose PFGE patterns differed by changes consistent with three or more
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Table 5.1. Comparison of clonal relationships among 29 streptococcal isolates with RAPD with MBPZ-3 prime and by PFGE with
SmaI
Isolates grouped
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genetic events, i.e. seven or more band differences (Table 5.1), were considered unrelated
or distinct.
Interpretation of isolates that differ by only a few bands is rather difficult, because such
differences arise within a single individual from inversions, deletions, or other
rearrangements of the chromosome, or acquisition or loss of prophage, transposon or
plasmid. On the other hand, such differences could indicate that isolates are distantly
related (Allgaier et al., 2001; and Murray et al., 1990).
Compared with the procedure of PFGE, which requires a week to complete, RAPD
analysis, once the optimal primers and reaction conditions for generation of suitable
numbers of DNA bands are determined, takes only a day and prove less laborious.
Although RAPD analysis offers good intralaboratory reproducibility, an interlaboratory
reproducibility is less predictable (Vu-Thein at al., 1999; Liu et al., 1995; and
Swaminathan and Matar, 1993). The differences in the number of strains obtained by
each method actually reflect the difference ofprinciple in which these methods are based
It was concluded nevertheless that both RAPD and PFGE analysis are useful
discriminatory DNA-based techniques for differentiation of clinical streptococcus
isolates.
In conclusion, RAPD analysis is more specific, faster, and less laborious.However,
results obtained by RAPD analysis are not consistent. The inconsistence of results is not
only between laboratories, but even in one laboratory when the reaction is performed at
different times. Although PFGE analysis takes a week to give results, provide greater
discrimination and give reproducible results. The present study showed that results
obtained by PFGE analysis should be interpreted with caution until further data is
available to confirm of complement PFGE results. The present study indicated that
RAPD should serve as a first screen for clinical isolates of streptococcus typing because
of the simplicity and high speed of the technique and that the bacterial grouping results
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